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The  Conductivity  and  Dio:5ociation  of  Or;;janic 
Acids  in  Aquooua  Solution  at  Diff-sr- 
8nt  Tomperaturoa. 

A  thoroughly  syatarnatic  study  of  the  conductivity 
and  dissociation  of  organic  acids,  as  affected  by  tompora- 
ture  as  .Tell  as  by  dilution,  has  not  baon  nado  sinca  this 
important  nethod  of  determining  the  strength  of  electrolytes 
has  been  devised.  There  are  a  f«w  articles  in  the  litera- 
ture which  deal  'rith  the  subject,  but  a  comprehenaivo  invos- 
tigation  in  this  field  is  lacking,  and  many  of  the  conclusions 
that  have  been  reached  are  conflicting.  In  the  roview  presented 
here  of  work  dealing  with  the  conductivity  and  dissociation  at 
various  temperatures,  attention  will  be  called  chiefly  to  mat- 
ter dealing  with  the  subject  in  hand;  that  is,  the  organic  ac- 
ids. 

It  was  early  observed  that  the  conductivity  of  elec- 
trolytes in  solution  changes  with  the  temperature,  and  in  the 
reverse  sense  to  that  of  metals.  This  fact  was  long  known 
without  accurate  or  extended  measuremonts  having  been  made  to 
further  our  knov/lodge  of  the  subject.  Ovor  sixty  years  ago 
Ohm    and  Becquerol^   pointed  out  a  few  facts  concerning  the 

f  3) 
effect  of  temperature  on  conductivity.  Hankol^  '',  in  a  piece 

of  work  of  wider  scope  than  any  preceding  it,  showod  that  the 

electrical  resistance  of  many  solutions  very  noticeably  do- 
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croasod  with  riaing  tenporaturo,  and  ha   workod  out  a  few  gen- 
eral relations  connecting  the  behavior  of  various  electrolytes. 
B.  Backer^"''^  in  1850  studied  tho  conductivity  of  solutions  of  a 
few  of  the  common  acids  and  salts  between  0°  and  100°,  formulat- 
ing some  of  his  results  in  aquations  connecting  tenporature  and 

(2) 

conductivity.  Attention  may  also  bo  called  to  the  work  of  Beetz  , 

Freund^l  Bergren^'^l  and  Long^^l 

The  first  serious  and  important  investigation  was  com- 
pleted in  1874  by  ajfotrian^^^  who  studied  the  conductivity  of 
solutions  of  hydrochloric  acid  and  sulphuric  acid,  use  being 
made  of  the  alternating  current  method  of  Kohlrausch.  (Jiotrian 
found  that  the  conductivity  of  the  hydrochloric  acid  solution 
was  a  linear  function  of  the  temperature  between  0°  and  33°,  but 
he  obtained  a  parabolic  interpolation  formula  forihe  sulphuric  ac- 
id between  0°  and  70°.  A  maximum  in  conductivity  occurred  at  a 
definite  dilution,  which,  in  the  case  of  sulphuric  acid,  became 
greater  the  higher  the  temperature.  The  solution  of  hydrochloric 
acid  behaved  in  the  opposite  way.  This  work  was  followed  by  that 
of  Kohlrausch  and  aSTotrian'  ,  in  which  were  investigated  many  elec- 
trolytes, including  nitric  acid  and  some  alkali  and  alkaline  earth 
salts.  They  concluded  that  it  is  a  practically  general  truth  tliat 
in  dilute  solutions  conductivity  is  a  parabolic  function  of  the 
temperature.  They  applied  the  ordinary  equation  of  the  parabola, - 

K^  ,  Kq{1  +  tt  +rt"), 
in  which  jl   and p  are  constants  depending  on  the  nature  of  the  olec- 
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trolyte,  and  easily  calculated,  and  K^  and  K^  ara  the  conduc- 
tivities at  to  and  0°  respectively.  Kohlrausch^^^  then  ob- 
tained the  first  reliable  data  on  the  conductivity  of  solutions 
of  organic  acids.  These  included  acetic,  oxalic  and  tartaric 
acids.  As  in  the  previous  ffork,  maxlTzi  in  conductivity  were 
obtained  when  measureraonts  were  made  of  solutions  varying  in 
composition  fron  nearly  pure  acid  to  pure  water.  The  maximum 
conductivities  of  the  mineral  acids  were  much  higher  than  the 

values  found  for  the  organic  acids. 

(2) 

nothing  of  importance  care  fron  the  work  of  Bouty^  i 

on  the  conductivity  of  organic  acids.  Ke  found  that  they  are 
very  poor  conductors,  the  best  conducting  having  a  resistance 
50  -  200  times  as  great  as  that  of  neutral  salts. 

In  1877  Otten^^^  studied  the  influence  of  temperature 
on  the  conductivity  of  some  fatty  acids.  He  used  formic,  acetic, 
propionic  and  butyric  acids,  and  showed  that  the  resistance  in- 
creases as  we  ascend  in  the  homologous  series.  In  the  case  of  all 
the  acids  the  conductivity  increased  with  the  percentage  content 
of  the  solution  up  to  a  maximum  and  then  decreased.  The  maximum 
for  formic  acid  existed  at  a  concentration  of  about  30  per  cent, 
and  for  the  higher  members  in  the  series  it  occurred  at  a  lower 
concentration. 

When  we  cofo  to  Ostwald's  electrochemical  studies  we 
meet  with  work  of  the  greatest  importance  in  this  field;  his  con- 
tributions being  of  considerable  theoretical  value,  while  his  ex- 
perimental data  are  very  elaborate.  In  1384^   ho  introduced  the 
conception  of  the  "affinity"  of  an  acid,  this  being  a  character- 
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istic  property  which  influencos  its  rato  of  chor.ioal  reaction  and 
also  its  conductivity.  That  the  latter  are  proportional  he  showed 
by  a  comparison  of  the  relative  conductivities  of  many  organic  ac- 
ids and  their  affinities,  as  measured  by  their  influence  on  the 
rate  of  formation  of  methyl  acetate  and  the  inversion  of  cane  sug- 
ar. In  a  later  paper^^''  Ostwald  derived  some  important  relations 
between  dilution  and  conductivity.  Fole cular  conductivities  were 
calculated.  The  dilutions  varied  as  whole  powers  of  two,  and 
were  obtained  by  removing  one  half  the  volume  of  solution  from 
the  electrolytic  cell,  and  replacing  it  by  pure  water.  The  de- 
crease in  conductivity  of  mineral  acids,  after  ths  maximum  was 
reached,  was  observed  and  ascribed  to  irripuritios  in  the  solvent, 
which  becom.a  noticeable  at  higher  dilutions.  The  conductivities 
of  organic  acids  advanced  along  strictly  parallel  lines,  but  no 
mjpcima  were  attained. 

In  an  elaborate  study^  'of  the  electrical  conductivity 
of  organic  acids,  Ostwald  showed  the  effect  of  constitution  on 
the  conductivity,  but  his  later  work  covers  the  same  ground  and 
is  more  reliable,  so  that  roferonca  only  need  be  made  to  these 
early  investigations. 

At  this  time  Ostwald  had  come  to  the  conclusion  that  the 
molecular  conductivity  of  monobasic  acids  increases  with  dilution 

up  to  a  maximum,  which  should  provo  to  be  the  same  for  all  acids. 

(3) 
In  1887   he  disproved  this  theory,  finding  a  variation  as  great 

as  12  per  cent  in  the  case  of  many  acids.  The  maximun  value  for 
icids  of  low  conductivity,  howover,  could  not  be  obtained  direct- 
ly, and  a  study  was  made  of  the  relation  betweon  the  conductivity 
of  several  organic  acids  and  tliat  of  their  alkali  salts;  this  work 
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baing  sugi^stod  presumably  by  Kohlrau3ch'3  law  of   the  indopendont 
migration  of   ions.     It  was  found  that  a  cdnstant  diffaronce  ex- 
isted bet-ffeen  the  two  at  equal  dilutions,   and,    therefore,   the 
conductivity  of  an  acid  may  be  represented  by  the  conductivity 
of  one  of   its  salts  plus  a  constant.     It  was  also  found  that  the 
molecular  conductivity  of  the  sodium  salts  of  monobasic  acids  in- 
creases froir.  dilution  32  -  1024  liters  by  the   constant  amount  of 
10  -  13  units.     Double  this   change  was  obtained  with  dibasic  acids, 
so  that  a  method  was  at  hand  for  the  determination  of   the  basicity 
of  an  acid.     The  principle  was  also  made  use  of  later  for  calculat- 
ing the  conductivity  at   infinite  dilution  of  organic  acids.     In  an 
article         bearing  upon  the  relation  betwoon  composition  of   ions 
and  their  speed   of  migration,    ionic  velocities  were  calculated  in 
the  following  manner,    /v^,    for  a  sodium  salt,   was  obtained  from 
its  conductivity  at  a  certain  dilution,    by  adding  to  this  value  the 

difference  between  the  condotivity  of   sodium  chloride  at  this  di- 

that  at 
lution  and   infinite  dilution     as  obtained  by  Xohlrausch.     This 

method,    of   course,    is  allowable   in  the  light  of  the  fact  above  men- 
tioned,  that  the  difference  between  the  conductivities  of  a  sodium 
salt  at  two  dilutions  equals  the  difforenco  between  the  values  of 
any  other  sodium  salt  at  those   same  dilutions.     Ostwald  considered 
this  method  of  calculating  m^  for  the  salts  preferable  to  a  direct 
determination,    although  the  latter  is  very  simple,    as  the  author 
of  the  present  article  will  show.     Hittorf 's  values  for  the  relative 
velocities  of  the  ions  in  sodiun  chloride  solutions  gave  constants 
for  the   sodiur.  ion  which  enabled  Ostwald  to  calculate  the  migration 
velocities  of  a  number  of   organic  anions  from  the   conductivity  of 
their  sodium  salts.      It  was  observed  tjiat  in  homologous  series,    the 

1.   Z.   physik.   Chen.,    2,    840   (1838). 
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velocity  of  the  a-,ion  dacroasod  with  increasing  molocular 
weight.  Th'J  influence  exerted  by  substituting  various  elenenta 
in  the  anion,  upon  its  velocity  was  also  noted;  this  influence 
being  least  when  the  molecular  weight  is  large.  Ostvrald  worked 
out  a  rethod  for  calculating  anion  velocities,  and,  consequently, 
/^  for  organic  acids,  when  there  are  over  twelve  atons  in  the 
anion.  When  this  latter  is  the  case,  the  velocity  of  the  anion 
depends  only  on  the  nurber  of  atons^  so  that  a  curve  nay  be  drawn 
with  the  number  of  atoms  as  abscissae,  and  velocities  as  ordinates. 
The  curve  obtained  was  convex  toward  the  abscissa,  approaching  it 
assymptotically. 

?'aking  use  of  so^ne  of  the  above  observations  connecting 
the  conductivity  of  acids  with  their  basicity  and  anion  velocity, 
Ostwald^  '  proved  isomalic  acid  to  be  identical  with  citric  acid. 

To  obtain  a  correct  idea  of  the  scope  and  the  results  of 
Ostwald's  important  work  on  the  affinity  constants  of  organic  ac- 
ids at  25°,  the  original  article^  ''  should  be  consulted.  His  ob- 
servations on  the  relations  between  these  constants  and  the  chem- 
ical composition,  constitution  and  configuration  of  the  acids,  havo 
been  of  the  greatest  service  to  workers  in  this  field  since  the  ap- 
pearance of  this  paper.  The  value  of  k,  calculated  fron  the  dilution 

(3) 

law   ,  generally  remained  constant^  decreasing  only  at  high  dilutions 

where  the  effect  of  impurities  becomes  large.  In  a  few  instances  the 
constant  increased  in  value,  due  to  dec  mposition  of  the  solutions 
when  in  contact  with  the  platinum  electrodes;  and  in  the  case  of  the 
amino  benzoic  acids  to  other  causes  to  be  mentioned  later  in  this 
paper.    The  values  of  the  constants  serve  to  characterize  struc- 
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tural  and  goomotrical  isomers;  its  valuo  for  unknovm  acids 
could  be  pradictod  -with  consiJorablo  cartainty. 

Roforenco'^^  only,  will  bo  made  to  the  numerous  in- 
vestigations carried  out  since  the  publication  of  Ostwald's 
papers  on  the  conductivity  of  organic  acids  at  one  tempera- 
ture as  the  results  ^^enerally  are  only  charactoristic  ofthe 
particular  acids  worked  with,  and  do  not  bear  directly  on  the 
subject  of  this  present  article. 
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The  conductivity  of   various  oloctrolytes  was  measured 
in  dilute   solutions  by  Arrhenius^''"^   at  18°  and  52°,    and  by  means 
of   tho   formula 

in  which  m.  is  the  molecular  conductivity  and  ^  the  temperature  co- 
efficient,  he  was  able   to  calculate  the  mean  temperature  coeffi- 
cient between  these  temperatures.     The  temperature   coefficients  of 
the  more  stron^ily  dissociated  electrolj'tos  are  generally  smaller 
the  greater  the  conductivity;   hence,   the  conductivities  approach 
one  another  as  the  temperature  rises.     Tho  change  of  tho   coeffi- 
cients with  the  strength  of  the  solution  is  not  great  so  long  as 
tho  latter  remains  sm^all.     Arrhenius  also  observed  an  exceedingly 
rpportant   fact,    viz.,   that  the  dissociation  of  phosphoric  acid  and 
hypophosphorous  acids  decreases  with  rise  in  temperature.     This  was 
a  surprizing  discovery  in  the  light  of   the  old  theory,   which  ex- 
plained increase   in  conductivity  with  rise  ir.  temperature  on  the  as- 
Dumption  of  increase  in  dissociation.     This  question  of  the   influence 
of  temperature  on  dissociation  has  remained  a  subject  of   study    up  to 
the  presont   day,    and  still  needs  a  large  amount  of   further  investi- 
gation. 

f  2) 

The  work  of  Krannhals         may  bo  mentioned  hero.     He  dis- 
covered few  new  relations  in  his  study  of   the   conductivity  of   some 
tjTjical  acids  and  salts,   and  his  results  generally  confirmed  the 
conclusions  of  Kohlrausch  and  Crrotian.     He  concluded  that  tempera- 
ture has  no  effect   on  dissociation. 

In  189  5  Jahn  and  SchrSder'^'made  deterrrdnations  of  the 
conductivity  of  aqueous  solutions  of   formic,   aootic,   propionic. 
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butyric,    isobutyric,    and  valeric  acida.     Each  acid  was   investi- 
gated in  solutions  varying  froiri  IT/2  to  IT/iSS,    and  at  a  sorios  of 
temperatures  rancing  from  lOo  to  50°.     They  expressed   thoir  re- 
sults by  interpolation  formulae,   calculated  values  agreeing  sat- 
isfactorily with  those  observed.     Their  method  of  work  was  not 
sufficiently  accurate  to  enable  them  to  notice  a  change  in  dissoc- 
iation with  temperature,    and  they  infer,   therefore,   that   it  is  con- 
stant.    Their  results,   hov/evor,    shov/  a  decreasing  dissociation  with 
rise  in  temperature   in  the  case  of  valeric  acid,    but   they  assumed 
this  to  be  due  to  the  presence  of  impurities.       Jahn  therefore  con- 
cluded  that  increase  in  conductivity  with  the  terperaturo   is  a  func- 
tion of  the  decrease  of  ionic   friction.     Degoisne^-^''   and  lood^       al- 
so -ffcrked  in  the  field  at  this  time. 

In  1896  Eulsr^^    studied  some  typical  aromatic  organic  ac- 
ids betv^een  10°  and  50°  and  at  various  dilutions.     The  acids  were 
benzoic,    o-toluic,    salicylic,   ir.-oxybenzoic  and  m-nitrobonzoic     In- 
tarpclation  formulae  were  calculated  for  each  acid  at  overy  dilution, 
and  were  found  to  be  of  the   form 

\  s     a  +  bt  t  ct*^, 
where  \  represents  the  molecular  conductivity  and  t  the  temperature. 
The    form  of  the  equation  indicates  a  maximum  in  the  curve,    if  the 
exiiression  applies  at  higher  temperatures.     In  every  case   the  dis- 
sociation varied  with  the  temperature,    a  maximur-i  occurring  for  ben- 
zoic acid  at  about  35°,    and  for  m-oxybenzoic  acid  at  about  28    •  The 
values  for  toluic  acid  decreased  with  rising  temperature,    but  those 
for  rc-nitrobenzoic  and  salicylic  acids  increased.     Euler  offered  no 
explanation  for  these  inharmonious  results,    and   further  invostiga- 


1.  Diss.,  Strassbourg  (1895). 
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tion  cf  this  subject  goems  nocGssary  before  the  work  could  be  ac- 
cepted as  final.  There  is  no  apparent  reason  v/hy  Tri-oxybonzoic  ac- 
id and  salicylic  acid  shculd  differ  so  rarkedly  in  their  behavior, 
and  the  other  relations  seeir,  inconsistent. 

Cchaller^  'studied  the  conductivity  of  several  acids, 
bases  and  salts,  including  a  fev/  organic  acids.  He  made  use  of 
platinur.  vessels  to  avoid  the  solvent  action  of  water  on  glass  at 
the  higher  temperatures  at  which  ho  v.-orked.  The  rr.olocular  conduct- 
ivities were  found  to  increase  with  rise  in  teiT>perature,  but  at  a 
diminishing  rate,  so  that  in  some  cases  a  raximum  -.vas  reached,  be- 
yond which  the  molecular  conductivity  decreased.  The  degree  of  dis- 
sociation, however,  in  all  cases  decreased  with  rise  in  temperature, 
when  the  latter  was  above  25°.  The  value  for  the  dissociation  at 
25°  was  usually  less  than  that  at  the  next  higher  taaporature  worked. 

In  ISOl  Jones  and  Douglas^  '  measured  the  conductivity  of 
a  number  of  inorganic  acids,  bases  and  salts  between  C  and  35°. 
They  observed  that  for  salts  the  temperature  coefficients  increase 
with  rise  in  temperature,  but  noticed  little  change  for  acids  and 
bases.  Their  results  showed  that  temperature  affects  dissociation 
to  no  appreciable  extent. 

The  work  of  Jones  and  West'  'and  of  Jones  and  Jacobson^ 
at  temperatures  varying  from  0°  to  35*^,  and  of  Noyes^^^  at  higher 
tamperaturea,  has  established  conclusively  that  dissociation  de- 
creases with  rise  in  temperature  for  most  of  the  substances  they  in- 
vestigated. Jacobaon  obtained  this  result  with  a  few  organic  acids 


Z.   physik.    Chen.,   _25,    497   (1398). 

This  Journal,    26,   428    (1901) . 

Tbid.,    2±,    357~('l905)  . 

Tbid.,    40,    355    (1908). 

J.   A-.    Chem.   Soc,    26,    134    (1904). 
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but   found  an  increasing  dissociation  v/ith  riisin^i  toraparatur©  In 
the   caso   of  m-nitrobonzoic  acid  and  a  few  inorganic  salts.     Ko 
suggests  that  this  was  due  to  the  influence  of  hydrolysis.     Ho 
showed,    further,    that  molecular  conductivity  is  in  {general   (water 
bein-  a  marked  exception)   a  parabolic  function  of   the  temperature^-'-^ 
a  state  of   things  which  may  be  explained  by  the   theory  of  hydration 
ffhioh  Jones  has  put   forward  as  a  result  of   considerable  work  by  him- 
self and  students.     According  to  this  theory,    it  appears  that  all 
electrolytes  in  aqueous  solution  are  nore  or  less  hydratod,    a  con- 
dition which  would  prevent  conductivity  from  bein^  a  linear  func- 
tion of  the   temperature;   as   it  very  probably  would  bo  if  the  vis- 
cosity of  the  medium  alone  wore   the   influencing  factor.     Jones  suns 
up  the  facts  now  known  in  a  rocont  paper -2)   to  which  attention  is 
here  called. 

riecently  Jones  and  Clovor^^^   have  studied    the  conductivity 
of  a  few  organic  acids  at   temperatures  rangini;  from  35°   to  65°,    but 
without  Fieasuring  their  dissociation. 

From  \'ihcjt  has  been  said  of  the  work  already  done,  it  is 
evident  that  more  accurate  and  m.oro  extended  data  on  the  conduct- 
ivity of  organic  acids,  as  affected  by  temperature,  should  be  ob- 
tained. It  is  intended  in  this  article  to  supply  in  part  this  de- 
ficiency for  a  number  of  typical  acids  of  both  the  aliphatic  and 
aromatic   series. 


1.  This  Journal  40,    402   (1908). 

2.  Ibid.,    41,    19"  (1909). 

3.  Ibid.,    43,    187    (1910). 
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EXPERnSNTAL  PART. 

The  TTieaaurornents  wero   carried  out   by  moans  of   the 
ordinary  Kohlrausch  method  with  a  Wheat  stone  bridge,    rheostat, 
induction  coil  and  telephone  receiver.     The  bridge  wire  and  ther- 
nometers  -vere  calibrated  carefully,   the  latter  to  y/ithin  o901.  All 
flasks,   burettes  andpipettes  were  calibi'ated  for  30°.     The  conduc- 
tivity cells  were  of   tha   type  used  by  Jones  and  Bingham       and 
which  have  given  satisfactory  results  in  this  laboratory  for  sev- 
eral years. 

The  measurements  were  made  at   four  temperatures  ranging 
from  0     to  35  ,  and  at  various  dilutions  from  N/2  up  to  N/2048,    or 
as  near  the  former  concentration  as  possible,   this  being  dependent 
on  the   solubility  of   the  acid. 

The  0°  bath  was  that  made  use  of  by  Jones  and  Jacobson^^J 
and  fully  described  in  their  article  bearing  on  this  same  subject. 
The  cells  containir.g  the  solutions  which  it  was  desired  to  bring  to 
a  temperature  between  0°  and  25°,   were  placed  in  a  tank  through 
which  tap  in^ter  was  kept   flowing  and  stirred  by  its  ovm  pressure. 
Satisfactory  results  were  obtained  by  this  method,    no  measurements 
being  taken  until  the  temperature  waa  observed  to  be  constant  within 
0.02  for  at  least  half  an  hour.     During  the  latter  part  of   the  work 
this  bath  was  kept  at  12°  by  running  the  water  in  at  constant  pres- 
sure and  heating  at  the   same  time  with  a  burner. 

The  25     and  35     baths  were  heated  by  Bunsen  burners.     IIo 
automatic  regulator  was  used,    the  size  of  the   flame  being  easily 
regulated  by  a  pinchcock,    so   that  the  maximum  variation  in  tempera- 
ture was  no  greater  than  0902.     The  baths  were  stirred  by  paddles 


1.  This  Journal  34,    481   (1905) 

2,  Ibid.,    40,    355   (1908). 
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rotated  by  hot-air  en^jines. 

It  was  necessary  for  the   cella  to  roraain  for  at  least  an 
hour  in  those  baths  kept  at  and  belov;  a  temperature  of  25°.     At 
35°,   however,    the   solutions  gave   constant  readiness  in  the  short  space 
of  half  an  hour.     'Duplicate  readings  were  taken  after  an  interval  of 
five  minutes  to  insure   constant  terperature.     The  final  results  also 
were  the  average   of   throe  measurements,    taken  with  the  minimum  as 
near  the  center  of  the  bridge  as  convenient.     As  fov/  plugs  as  pos- 
sible were  removed  from  the  resistance  box. 

Cell  Constants. — The  cell  constants  ware  obtained  in  the 
usual  manner,    by  ths    aid  of  a  Il/SO  solution  of  pure  potassium     chlo- 
ride.    Kohlrausch's  value   for  the  m.olecular  conductivity  of  this 
solution  is  129.7   (Siemen's  units);   adlin^  to  this  the  amount  due 
to  the  conductivity  of  the  water,   the  constants  can  be  easily  cal- 
culated.    For  those  cells  in  which  the  platinum  plates  wore  close 
together  a  H/SOO  solution  of  potassium  chloride  was  used,    the  con- 
ductivity of  which  was  measured  in  the  colls  standardized  with  the 
N/50  solution.     The  constants  were   redetormined  frequently,    although 
absolutely  no  change,   within  ths  limits  of  experimental  error,   was 
found  in  many  for  several  mionths.     With  due   caution  as  to  removing 
the  electrodes  from  the  cell  cups  this  result   is  easily  obtainable, 
and  more  reliance  can  be  placed  on  the  measuroments .     At   the  tem- 
peratures at  v;hich  v/e  worked  thero  'Jiras  no  noticeable  effect  on  the 
conductivity  due  to  the   solubility  of  the  glass  in  the  solvent. 

Water. — The  conductivity  '«ater  employed   in  making  up  the 
solutions  was  distilled  according  to  the  method  previously  used  in 
this  laboratory  and  frequently  described.     The  process  consists 
simply  in  the  distillation  of  ordinary  distilled  -^ter  from  a  po- 
tassixin  bichromate  solution,   acidified  with  sulphuric  acid  to  des- 
troy organic  matter  and  retain  amr.onia.     The  distillate  is  then 
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distilled   from  a  flask  containing  bariuiri  hydroxide,    and   finally 
redistilled   through  a  block  tin  condenser;   the  last  tY^o  operations 
boing  carried  out  in  one  pioco  of  apparatus.     Tho  water  thus  ob- 
tained had  a  conductivity  at  25°  varying  from  1.2  x  10~     to  1.7  x 
10~   .     It  was  kept   in  glass  bottles  long  used  for  tho  purpose,   and 
withdraNvn  by  a  siphon  and  protected  from  carbon  dioxide  in  the  air 
by  soda-lime. 

Organic  Acids. — The  organic  acids  in  moot   instances 
wore  obtained  from  Kahlbaun.     They  were  purified  by  crystalliza- 
tion or  distillation,   as  was  most  suitable,   and  tested  as  to  their 
purity  by  their  melting  points  or  boiling  points.     The  liquid  ac- 
ids were  made  up  into  solutions  which  were   standardized  by  potas- 
sium hydroxide  dissolved  in  absolute  alcohol,   phenolphthaloin  be- 
ing employed   as  the  indicator.     As  tho  acid  was  dissolved  in  con- 
ductivity water  the  absence  of  carbonic  acid  was  assured,   and  the 
titration  made  reliable.     The  most   concentrated  solution  being 
brought  to  the  desired  normality,    tho  m.ore  dilute  solutions  vrore 
made  up   from  this.     The  solutions  of  the  solid  acids  were  obtained 
in  the  sane  manner,   the  mother  solution  being  made  up  by  weight 
and  standardized  by  titration. 

fV  for  Sodium  Chloride. — In  order  to  obtain  u^for  the 
organic  acids  to    cilculate  their  dissociation,    the  method  which 
involves  the  use  of  the  sodium  salts  of  these  acids,    based  on 
Kohlrausch's  law  of   the   independent  migration  of  ions,   was  re- 
sorted to.     Thus  to  calculate  v for  acetic  acid  for  instance,    the 
following  equation  suffices, 

J^(H  Ac)   =  fsjEGl)   +  )V(^aAc)   -  ^^(NaCl) , 
in  which  ^'\  is  the  liiriiting  conductivity  for  each  substance.     Tho 
following  table  gives  the  conductivity  of  sodium  chloride  solu- 
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tion3  betffoon  0°  and  35°. 


Sodium  Chloride 


V. 

^^v    0° 

,.a2°13 

^,  25° 

P.  3  5° 

32 

57.17 

79.69 

106.2 

128.6 

128 

59.76 

83.96 

112.3 

137.2 

512 

62.01 

87.54 

117.0 

142.1 

1024 

62.80 

88.58 

113.4 

143.7 

2048 

*63.04 

83.98 

*118.8 

*144.0 

The   following  equation  was  calculated  by  means  of  values  r.arkod 

■.vith  an  asterisk  in  the  table. 

^i^s   53.04  +  2.04t  -  0.00823t^. 

a     calculated  at  12?13  fror.  this  equation  gave   88.99,  while 
2048 

that  observed  was  88.98. 

tV  for  Hydrochloric  Acid . — Following  is  a  table  which 
served  to  give  the  limiting  conductivitifS^of  hydrochloric  acid. 

Hydrochloric  Acid. 
V.  a,0°  avl4°82     ^,25°  ^,35° 

128  240.7         326.6         384.9         438.0 

512         245.4         332.3         392.0         448.0 

1024    243.0    331.0    387.1    4^14.7 

The  naximur.  conductivity  was  taken  as  \x^,   and  varies  according 

to  the  following  equation, 

,  -  245.4  +  6.06t  -  0.00776t2. 


lO^for  the  Sodium  Salts  of  the  Organic  Acids. — Ostwald^ 


1.  Z.  physik.  Chem.,  2,  840  (1888) 
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obtained  p^^Tor  the  sodiur,  saltn  of   tho  organic  acids  by  calculat- 
ing tho  difference  between  the  conductivity  of  sodium  chloride 
at  a  certain  dilution,    e.g.   v=32,   and  at  infinite  dilution.     Thie 
difference  he  assumed  to  be  constant  for  all  sodium  salts,   and, 
therefore,    by  adding  it  to  the  conductivity  of  tho  sodium  salt 
of  any  acid  at  the  dilution  v-32,   ,v>,,  for  that  acid  would  be  ob- 
tained.    Instead  of  using  this  method  in  this  investigation,    fXf. 
for  tho  sodium  salts  was  determined     directly  from  conductivity 
measurements,   which  are  given  in  tho  following  tables. 
Sodium  Acetate. 
V,  fj.^O°  p;l2°  t*^  25°       ;/.  350 

1024         43.35         62.10         84.82         104.9 
2048         44.56         63.83         87.69         107.9 
4096         44.60         63.92         87.64         106.8 
A=  44.56  +  1.52a  ^  0.00822t^ 


Sodium  Proprionats. 


V. 

qO 

.13°  57 

..25° 

:.  35c 

1024 

39.82 

59.63 

78.60 

96.36 

2048 

40.57 

60.99 

81.00 

100.6 

4096 

40.53 

60.91 

SI.  03 

100.8 

jLi^s  40.57  T  1.378t  r  O.OC959t2 
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Sodiun  Butyra 

ite. 

V. 

M.0O 

0,13907 

Uv25° 

u,35° 

1024 

39.33 

58.11 

77.69 

96.39 

2048 

40.51 

6G.29 

80.95 

100.2 

4096 

40.54 

60.20 

80.86 

100.1 

^s  40.51  T  1.401t  r  0.G0S68t^ 


Sodiun  Hipp urate . 

V.  LA^O°  uJ20  '-(,25°         f^,35° 

1024         35.65         51.30         7Q.77         86.74 

2048  36.23  52.07         71.54         87.98 

4096         36.31  52.00         71.50         38.20 

\J^-  36.23  ^  1.25Ct  T  0.00651t2 


Sodiuir.  Salts  of  the  Toluic  Acids. 
M,o°  /^vl2° 


'     0  m            p              x-'o  n  p  d,' 

1024     37.82  38.02     38. 02  37.89      54.45  54.49     54.41  54.42 

2048     38.26  38.25     33.25  38.26     55.05  55.00     55.23  54.87 

4096     38.18  38.28     38.28  38.27      54.99  55.09     55.43  54 .80 

V.  ' v25°  "35° 


0             r              p              J.1'0              m  p              iX 

1024     74.04     74.33     74.90     73.90     91.87     92.16  91.93  91.98 

204&     75.28     75.63     75.44     75.45     92.68     92.38  92.40  92. 7o 

4096     74.92     75.59     75.28     75.11     92.58     92.79  92.29  92.29 

y>^=''^38.26  t  1.320t  -^  0.00674t2 
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Sodium  Cinnariate. 

V. 

,.0° 

L(,13907      j,25° 

u.35° 

1024 

27.15 

54.59      '    72.86 

89.91 

2048 

37.69 

55.60         74.49 

92.06 

4096 

37.60 

55.78          74.41 

91.95 

u„  =  37.69   T  1.27lt  ^   0.00811t~ 


Sodiusi  Salicylate . 

V,  n,0°  u.l2°32      w  25°  u,3  5° 

1024         40.02  57.77         78.09         96.21 

2048    40.55    58.53    79.97    98.90 

4096         40.56  58.57         80.00         98.90 

,M^=  40.51  +  1.353t  +  0,0C902t^ 


Sodium  Sulphcinilato 

1024         38.47         55.37  76.20         93.81 

2048         39.52          56.28  77.69          96.05 

4096         39.36          56,34  77.70         95.85 

M^B  39.52  1-  1.307t  4-  0.00879t^ 

Since  fron  the  results  the  above   seilts  show  rnaxinum  con- 
ductivity at   V  =  2048,    the   reinainins  salts  wers  measured  only  at 
this  dilution. 

Sodium  T'andelate. 
V.         ^,0°  u,12'^  u,25°  u,,35° 

2048         38.25         55.00         76.00         93.20 
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Sodiur.  Orotonate 
V.  .i,0°  u,120         11.25°  H;35° 

2048         39.53  57.25         79.00         97.03 

U,     =   39.53    r  1.416t  r   0.00639t" 


Sodiuir,  Pyromucate 
V.  M„0°  t',,12°  ^1^,250  u,35° 

2043         40.89  59.30         31.84         IOC. 5 

\j^a  40.89  -r  1.478t  -r  0.00639t2 

Sodiur.  Benzoate   (Sol.   of  dry  salt) 
V.  ^vQO      u,14954  M,250  i',350 

2043         38.93         60.25         77.69  96.04 

u  =  38.93  +  1.348t  v  O.OOSllt" 


Sodium  Benzoate   (By  titration) . 

v.  .1,0°       ,.14°  54  M.25°  u,35° 

2048  38.91         60.33         77.73  96.25 


Sodium  G^allate 
V.  0,0°         u,12o  M,25°  u.35° 

204S         37.91  54.50         74.38         91.80 

u  s  37.91  +  1.259t  -t-  0.0C799t2 


Sodium  o_-Aininobenzoate 
V.  o,CP  ,.,12°         u,25°  u,350 

2048         38.20         54.81         75.26         92.51 
u   =  38.20  T  1.3C8t  +.  O.C0696t" 
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Solutions  of  thoso  sodium  salts  obtainable  from  Kahlbewm 
were  Eiade  up  by  woi^hinti  out  the  dry,  purified  salt,  v/hile  the 
remainder  were  prepared  by  titratin^j  a  solution  of  the  free  or- 
ganic acid  with  a  solution  of  caustic  soda.  That  this  alkali 
contained  no  appreciable  amount  of  carbonate  was  proved  by  ccmpar- 
ing  the  conductivity  of  solutions  of  sodium  benzoate  made  by  the 
two  methods.  From  the  above  results,  it  is  seen  that  the  titra- 
tion method  is  sufficiently  accurate. 

for  the  sodium  salts  of  all  the  toluic  acids  was  de- 
termined in  order  to  find  out  whether  there  is  any  difference  in 
the  migration  velocities  of  isomeric  ions.  As  there  is  no  differ- 
once  within  the  experimental  error,  the  limiting  conductivity  for 
ioomeidc  acids  can  be  obtained  from  measurements  on  the  sodium  salt 
of  any  one  of  them.  As  fj^  for  the  sodiun  salts  of  the  dibasic  acids 
cannot  be  experimentally  determined,  Ostwald's  method  for  calculat- 
ing this  quantity  was  made  use  of.  If  the  limiting  conductivities 
of  the  sodium  salts  of  the  monobasic  acids  are  plotted  as  ordinates 
against  the  number  of  the  atoms  in  the  molecule  as  abscissae,  a 
fairly  regular  curve  is  obtained.  From  this  curve  p._^  for  the  sodiuirL 
salts  of  the  dibasic  acids  may  be  read  off.  Even  if  the  value  cal- 
culated contains  an  appreciable  error,  the  percentage  error  intro- 
duced into  '.,  of  the  organic  acid  itself  will  'ce  much  loss. 

Of 
The  limiting  conductivities  of:<watu^^the  organic  acids 

v;orkod  with  aro  given  below,  u  for  the  dibasic  acids  being  obtained 

as  in  the  preceding  paragraph. 
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Limiting 

Conductivities. 

Acid 

AVO° 

/^ 

u25° 

•43  5° 

Acotic 

227 

'292 

U2°) 

361 

412 

'ropionic 

223 

260 

(6*^9) 

3  54 

405 

Butyric 

223 

273 

(994) 

354 

404 

Toluic 

221 

284 

(12°) 

349 

397 

Yandelic 

221 

283 

(12°) 

349 

397 

Eippuric 

219 

280 

(12°) 

345 

392 

!'alonic 

223 

250 

(499) 

355 

4C5 

¥aleic 

223 

289 

(12^^) 

3  53 

402 

Crotonic 

222 

286 

(12°) 

352 

402 

Racorrdc 

222 

286 

(12°) 

350 

398 

Pyrotartaric 

221 

290 

(12°) 

349 

397 

Citric 

219 

311 

(I89l) 

345 

392 

Pyroir.ucic 

223 

286 

(12°) 

355 

405 

Benzoic 

222 

304 

(1598)" 

351 

400 

Phthalic 

221 

267 

(8°23) 

349 

397 

Cinnaif.ic 

220 

248 

(593) 

348 

396 

Oxy-bonzoic 

223 

260 

(699) 

353 

403 

Gallic 

220 

254 

(6°5) 

348 

396 

Sulphanilic 

222 

255 

(6?3) 

351 

400 

Ardno  benzoic 

221 

260 

(7?5) 

349 

396 

Results.— The  results  arc  tabulated  in  the  following  pages,  mo- 
lecular conductivities  (u,-)  being  expressed  in  Siemen' s  units.  The 
temperature  coefficients  expressed  in  conductivity  units  and  per- 
centages need  no  explanation. 
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["ablo  I. — Acotic  Acid.     T'olacular  Conductivity 


0^ 


992 


.3  5" 


2 

1.270 

1.560 

2.089 

2.359 

8 

2.656 

3.292 

4.342 

4.948 

32 

5.328 

6.612 

8.699 

9.912 

128 

10.48 

13.04 

17.11 

19.46 

512 

20.45 

25.40 

33.24 

37.75 

1024 

28.03 

34.95 

45.87 

52.09 

2C48 

39.05 

48.65 

63.00 

70.89 

Temperature  Coefficients. 


V. 

0°. 

-9'?2 

9°2r- 

-25° 

25?— 35° 

'Cond.   units 

Per  cent'' 

'Cond. units 

Fer  conV 

* Cond .units 

Per  cent"! 

2 

0.03 

2.49 

0.03 

2.15 

0.03 

1.30 

8 

0.07 

2.61 

0.07 

2.02 

0.06 

1,40 

32 

0.14 

2.62 

0.13 

2.00 

0.12 

1.39 

128 

0.28 

2.66 

0.26 

1.98 

0.24 

1.37 

512 

0.54 

2.63 

0.50 

1.96 

0.45 

1.36 

1024 

0.72 

2.57 

0.69 

1.95 

0.62 

1.32 

2048 

1.04 

2.67 

0.91 

1.87 

0.79 

1.25 

Percentage  Dissociation. 


olO" 


0L9.2 


0^25' 


a35" 


2 

0.56 

0.56 

0.58 

C .  .7 

8 

1.18 

1.19 

1.20 

1.20 

32 

2.37 

2.40 

2.41 

2.41 

128 

4.62 

4.71 

4.74 

4.72 

512 

8.80 

9.13 

9.21 

9.16 

1024 

12.35 

12.51 

12.71 

12.64 

2048 

17.20 

17.56 

17.45 

17.21 

Dissociation  Constants  x  10'^ 


CO 


992 


25° 


35° 


2 

0.157 

0.159 

G.169 

C.165 

8 

0.175 

0.179 

C.183 

0.182 

32 

0.179 

0.184 

0.186 

0.185 

128 

0.175 

0.182 

0.184 

0,183 

512 

0.166 

0.179 

0.182 

0.181 

1024 

0.170 

0.175 

o.:isi 

0.^79 

2048 

0.174 

0.179 

0.180 

0.175 

(23) 

Table  II .— Propionic  Acid, 
"olecular  Conductivity. 

^0 


..3  5° 


2           1.030  1.217  1.700  1.913 

8            2.291  2.700  3.704  4.207 

32           4.631  5.450  7.436  8.422 

128           9.004  10.60  14.57  1G.5C 

512  17.47  20.59  28.40  32.14 

1024  23.82  28.03  38.94  44.06 

2048  32.43  39.24  53.47  60.28 


Temperature  Coefficients 


0°- 

-6°9 

6^9- 

-^S°            r- 

25° 

r-35° 

V. 

'Per          1 

"      Cond.      " 

Per     'r- 

Cond . 

Per    1 

units 

cent 

units 

cent 

units 

cent 

2 

0.03 

2.63 

0.03 

2.19 

0.02 

1.25 

8 

0.06 

2.59 

0.06 

2.05 

0.05 

1.36 

32 

0.12 

2.56 

0.11 

2.01 

0.10 

1.33 

128 

C.23 

2.58 

0.22 

2.07 

0.19 

1.32 

512 

0.45 

2.59 

0.43 

2.10 

0.37 

1.32 

1024 

0.61 

2.56 

0.59 

2.11 

0.51 

1.31 

2048 

0.84 

2.52 

0.79 

2. 01 

0.68 

1.27 

Percentage  Dissociation 


V. 

(XOO 

cc6?€ 

cc25° 

0135° 

2 

0.46 

0.47 

0.48 

0.47 

8 

1.03 

1.04 

1.05 

1.04 

32 

2.08 

2.10 

2.10 

2.08 

128 

4.04 

4.08 

4.12 

4.07 

512 

7.83 

7.92 

8.02 

7.93 

1024 

10.69 

10.78 

11.00 

10.87 

2048 

14.99 

15.09 

15.10 

14.88 

Dissociation  Constants  x  10 

0°  6"?9  25°  35° 


2 

0.107 

0.111 

0.116 

0.112 

8 

0.133 

0.136 

0.138 

0.137 

32 

0.138 

0.140 

0.141 

0.138 

128 

0.133 

0.135 

0.138 

0.135 

512 

0.130 

0.133 

C.137 

0.134 

1024 

0.125 

0.127 

0.123 

0.130 

2048 

0.129 

0.131 

0.131 

0.27 

(24) 

Table   III.— M-Eutyric  Acid.     7'olocular  Conductivity. 


V. 

t^.0' 

M.9?4 

..25° 

M.35° 

2 

1.090 

1.341 

1.730 

1.930 

8 

2.501 

3.062 

3.891 

4.3  51 

32 

5.072 

6.230 

7.902 

8.801 

128 

10.00 

i:j.23 

15.45 

17.14 

512 

19.44 

23.79 

29.86 

33.00 

1024 

26.82 

32,83 

41.22 

45.26 

2048" 

33.37 

45.63 

89.20 

62.71 

Temperature   Coefficients. 


V. 

0°- 

-9°4 

9°4- 

r25° 

25°. 

-35° 

'     Cond. 

■         Per  ^    ' 

1     Cond . 

Per  > 

'      Cond. 

Per 

units 

cent 

units 

cent 

units 

cent 

2 

0.03 

2.44 

0.03 

1.87 

0.02 

1.16 

8 

0.06 

2.38 

0.05 

1.74 

0.05 

1.19 

32 

C.12 

2.43 

0.11 

1.72 

0.09 

1.1.4 

128 

C.24 

2.44 

0.21 

1.69 

0.17 

1.5)9 

512 

0.46 

2.38 

0.39 

1.64 

0.31 

1.05 

1024 

0.64 

2.38 

0.54 

1.64 

0.40 

0.98 

2048 

0.88 

2.35 

0.74 

1.61 

0.55 

0.96 

Percentage  Dissociation. 


V. 

ocO° 

a9°4 

a25^ 

0135^ 

2 

0.49 

0.49 

0.49 

0.48 

8 

1.12 

1.12 

1.10 

1.08 

32 

2.27 

2.28 

2.23 

2.18 

128 

4.48 

4.48 

4.36 

4.24 

512 

8.72 

S.71 

8.44 

8.17 

1024 

12.02 

12.02 

11.64 

11.20 

2048 

16.76 

16.71 

16.15 

15.52 

V. 

0° 

9°4 

25° 

35° 

2 

0.120 

0.120 

0.120 

0.115 

8 

0.159 

0.159 

0.153 

0.147 

32 

0.165 

0.166 

0.157 

0.152 

128 

0.164 

0.164 

0.152 

0.147 

512 

0.163 

0.163 

0.152 

0.142 

1024 

0.161 

0.161 

0.150 

0.138 

2043 

0,165 

0.164 

0.152 

0.139 

(25) 

Table  IV. — iso-Butyric  Acid.     T.'olecular  Conductivity. 
V.  1^.0°      m;L6946        w,250         .jp5° 


2 

1.034 

1.450 

1.633 

1.841 

8 

2.453 

3.412 

3.821 

4.272 

32 

4.912 

5.8C9 

7.621 

8.514 

128 

9.736 

13.48 

15.13 

16.90 

512 

18.91 

2G.01 

29.30 

32.70 

1024 

26.22 

36.18 

40.90 

45.54 

2048 

35.56 

49,22 

55.01 

61.35 

Tamperaturo  Coefficients. 


V. 

0°. 

-16°46 

16°467 

-25" 

25°- 

t3  5" 

'     Cond . 

Per^T    ' 

Cond. 

Per  1     ' 

'        Cond. 

Per  ' 

units 

cent 

units 

cent 

units 

cent 

2 

0.03 

2.45 

0.02 

1.48 

0.02 

1.27 

8 

0,06 

2.38 

0.05 

1.40 

0.05 

1.18 

32 

0.12 

2.35 

0.10 

1.40 

0.09 

1.17 

128 

0.23 

2.33 

0.19 

1.43 

0.18 

1.17 

1512 

0.43 

2.28 

C.36 

1.41 

0.34 

1.16 

1024 

0.60 

2.28 

0.51 

1.41 

0.46 

1.13 

2048 

0.81 

2.24 

0.68 

1.38 

0.63 

1.15 

Percentar;e  Dissociation. 


V. 

oc   0° 

^6946 

^25° 

.35° 

2 

0.47 

0.47 

0.46 

0.46 

8 

1.10. 

1.10 

1.08 

1.06 

32 

2.20 

2.20 

2.15 

2.11 

128 

4.37 

4.35 

4.27 

4.18 

512 

8.48 

8.39 

S.28 

8.09 

1024 

11.80 

11.67 

11.55 

11.27 

2048 

16.13 

15.88 

15.54 

15.19 

Dissociation  Constants  x  10^ 


16^46 


25° 


35° 


2 

0.108 

0.110 

0.108 

0.108 

8 

0.153 

0.153 

0.147 

0.141 

32 

0.155 

0,154 

0.148 

0.142 

128 

0.156 

0.154 

0.149 

0.143 

512 

0.154 

0.150 

OX-6 

0.139 

1024 

0.154 

0,150 

0.147 

0.140 

2048 

0.151 

0.146 

0.140 

0.133 

(26) 

Table  V. — Phenylacotic  Acid.  Molecular  Conductivity. 


32 

9. 001 

11.76 

14.15 

15,90 

12S 

17.82 

23.39 

27.96 

31.26 

512 

33.35 

43.51 

52.39 

58.55 

1024 

45.68 

59.59 

71.63 

79.84 

2048 

61.00 

75.49 

95.50 

106.3 

Temperature  Coefficients 


0°- 
r     Cond. 

-13925 

13° 

2^ 

-25° 

-^ 

25°-35° 

V. 

'      Cbnd. 

Per 

'    Cond. 

Per' 

units 

cent 

units 

cent 

uhitB 

cent 

32 

0.21 

2.32 

0.20 

1.73 

0.18 

1.23 

128 

0.41 

2.32 

0.40 

1.70 

0.33 

1.18 

512 

0.77 

2.30 

0.76 

1.72 

0.62 

1.18 

1024 

1.05 

2.30 

1.03 

1.72 

0.82 

1.15 

2048 

1.40 

2.29 

1,36 

1.71 

l.OS 

1.13 

Percentage  Dissociation. 

V. 

OCC^ 

^13^25 

X  ' 

25° 

x35° 

32 

4.07 

4,06 

4 

.05 

4. 

.01 

128 

8.0G 

8,06 

8 

.01 

7, 

.87 

512 

15.09 

15.01 

14 

.97 

14, 

.75 

1024 

20,67 

20.55 

20 

.52 

20. 

.11 

2048 

27.60 

27.41 

27 

.36 

26, 

.77 

Dissociation  Constants  x  lO'^ 


V. 

0° 

13^25 

25° 

35° 

32 

0.540 

0.536 

0.536 

C.522 

128 

0.552 

0.553 

C.545 

0.526 

512 

0.524 

0.518 

0.515 

0,499 

1024 

0.526 

0.519 

0.518 

0.494 

2048 

0.514 

C.507 

0.504 

0.47B 

(27) 
Table  VI. — T'andslic  Acid,     "olecnlar  Conductivity. 


V. 

w.OO 

u.l2° 

.,,25° 

L^35° 

S 

12. 6C 

16.10 

19.86 

22.45 

32 

24.49 

31.21 

38.56 

43.62 

128 

46.40 

59.64 

72.96 

82.39 

512 

82.21 

ICG.l 

129.6 

146.2 

1024 

lOG.O 

135.2 

167.4 

183.7 

2C48 

132.4 

168.3 

205.5 

234.5 

TeKperaturo  Gooff icients. 


0% 

-12° 

12°r 

-25° 

25'jr- 

-35° 

V. 

1     Cond, 

Per' 

'     Cond. 

Per^ 

'     Cond, 

Per' 

units 

cent 

units 

cent 

units 

cant 

8 

0.29 

2.32 

0,29 

1.80 

0.25 

1.30 

32 

0.56 

2.29 

0.56 

1.81 

C.51 

1.31 

128 

1.10 

2. 38 

1.02 

1.72 

0.94 

1.29 

512 

1.99 

2.42 

1.81 

1.71 

1.66 

1.28 

1025 

2.43 

2.30 

2.48 

1.83 

2.13 

1.27 

2048 

2.99 

2,26 

2.86 

1.70 

2.90 

1.40 

Percentage  Dissociation. 

10°  o<12°  0(25°  <x35^ 


8 

5.70 

5.69 

5.59 

5.65 

32 

11.09 

11.03 

11.05 

10.98 

128 

20.99 

20.78 

20.90 

20.75 

512 

37,20 

36.98 

37.15 

36.84 

1024 

47.96 

47.76 

47.97 

47.53 

2048 

59.91 

50,47 

59.03 

59.06 

Dissociation  Constants  x  10"^ 

0°  12°  25°  35^ 


8 

4.32 

4.29 

4.29 

4.24 

32 

4.30 

4.27 

4.29 

4.24 

128 

4.36 

4.26 

4.31 

4.25 

512 

4.30 

4.24 

4.30 

4.20 

1024 

4.32 

4.26 

4.32 

4.21 

2048 

-1.37 

4.26 

4.16 

4,16 

(28) 

Table  VII. — Kippuric  Acid,     f'olecular  Conductivity. 

V.  ^,00      ^,120  ;j,?.5°  .',,35° 


128 

33.96 

44.42 

55.17 

62.15 

512 

61.56 

80.54 

100.2 

113.5 

1024 

81.10 

105.8 

131.1 

147.2 

2048 

103.0 

134,1 

165.8 

185.9 

Temperature  Coefficients. 


0% 

-12° 

12°- 

-25° 

25°r 

-35° 

V. 

'     Cond . 

Perl 

'     Cond. 

Per  ' 

'     Cond . 

Per^ 

units 

cent 

units 

cent 

units 

cont 

125 

0.87 

2.57 

0.83 

1.85 

0.70 

1.27 

512 

1.57 

2.55 

1.52 

1.84 

1.25 

1.25 

1024 

206 

2.54 

1.95 

1.84 

1.61 

1.23 

2048 

2.59 

2.52 

2.44 

1.82 

2.01 

1.21 

'er::enta,20  Dissociation. 


V. 

cXCO 

^12° 

0,25° 

X3  5° 

128 

15.51 

15.86 

15.99 

15.85 

512 

28.16 

28.76 

29.04 

28.96 

1024 

37.03 

37.79 

38.00 

37.55 

2048 

47.03 

47.88 

48..  06 

47.42 

12°     25°      350 


128 

2.22 

2.34 

2.38 

2.33 

512 

2.16 

2.27 

2.32 

2.31 

1024 

2.13 

2.24 

2.28 

2.26 

2048 

2.04 

2.15 

2.17 

2.09 

(29) 


Table  VI TI. 


— ?.'alonic  Acid.     T'olecular  Conductivity, 


32 

128 

512 

1024 

2048 


11,81 
23,19 
43.51 
78,30 
127.1 
153.3 
176.9 


13.34 
26.20 
49.25 
88.83 
143.4 
173.2 
199.1 


499       u,250         M.35° 


19.61 
38.40 
72.23 
129.8 
208.7 
251.2 
289.1 


22.51 
44.03 
82.55 
148.2 
237.4 
284.8 
327,6 


Tomperature  Coefficients 


0 

0  - 

.^4°9 

4°9 

-25° 

25°T 

-35° 

V. 

'     Cond. 

.....    ,„^.^..^ 

^    Cond. 

Per  ' 

*     Cond. 

Per 

units 

cent 

units 

cent 

units 

cent. 

2 

0.31 

2.64 

0.31 

2.34 

0,29 

1.48 

8 

0.61 

2.66 

0.61 

2.32 

0,58 

1.47 

32 

1.17 

2.69 

1.14 

2.32 

1,03 

1,43 

128 

2.09 

2.67 

2.04 

2.30 

1,84 

1.42 

512 

3.33 

2.62 

3.25 

2.27 

2.87 

1.38 

L024 

4.06 

2,65 

3.88 

2,24 

3.36 

1.34 

J048 

4.53 

2.56 

4.48 

2.25 

3.75 

1.30 

Percentage  Dissociation. 


o(  0 


9^4: 


25^ 


0(35 


2 

5.30 

5.34 

5.53 

5.55 

8 

10.40 

10.48 

10.81 

10.87 

32 

19.57 

19.70 

20.34 

20.38 

128 

35.12 

35.53 

36.58 

36.59 

512 

56.99 

57.36 

58.80 

58.60 

1024 

68.74 

69.28 

70.76 

70.31 

2048 

79.32 

79.66 

81.45 

80.89 

Dissociation  Constants  x  10^ 


0° 


25° 


35'- 


2 

14.8 

15.0 

16,1 

16,4 

8 

15.1 

15.3 

15.4 

16,5 

32 

:4.s 

15.1 

16.3 

15.3 

128 

14.8 

15.3 

16,4 

16.5 

512 

14.8 

15.1 

16,4 

16.2 

1024 

14.8 

15.3 

16,7 

16.3 

2048 

14.9 

15.3 

17,5 

16.8 

(30) 


Pable   IX. — Succinic   Acid.     Volocular  Conductivity. 


V. 

M.0° 

u.5°7 

M.25° 

..35° 

8 

4.570 

5.371 

8.032 

9.25] 

32 

9.211 

10.72 

IG.Ol 

18.36 

128 

18.24 

21.35 

31.24 

35.80 

512 

34.75 

40.59 

59.34 

67.87 

1024 

47.89 

55.91 

81.31 

92.89 

2048 

64.61 

75.29 

109.6 

124.8 

Terrperature  Coefficients. 


0°- 

-5°7 

5^7^ 

-25° 

25°. 

-35° 

'     Cond, 

Per  ' 

'     Cond . 

Per  ' 

'     Cond. 

Per' 

V. 

units 

cent 

units 

cent 

units 

cent 

8 

0.14 

3.07 

0.14 

2.57 

0.12 

1.52 

32 

0.28 

3.03 

0.27 

2.56 

0.24 

1.47 

128 

0.55 

2.99 

0,51 

2.40 

0.46 

1.46 

512 

1.02 

2.95 

0.97 

2.39 

0.85 

1.44 

1024 

1.41 

2.94 

1.32 

2,36 

1.16 

1.42 

2048 

1.87 

2.90 

1.78 

2.36 

1.52 

1.39 

Percentage  Dissociation, 
oc  0°  o<5°7  cx25°  0(35° 

2.05  2.15  2.26  2.28 


32 

4.13 

4.29 

4.51 

4.53 

128 

8.18 

8.54 

8.80 

8.84 

512 

15.58 

16.24 

16.72 

16.76 

1024 

20.47 

22.37 

22.91 

22.91 

2048 

28.97 

30.11 

30.88 

30.81 

0°  597  250  35° 


8 

0.537 

0.590 

0.655 

0.667 

32 

0.556 

0.600 

0,666 

0.673 

128 

0.569 

0.623 

0.664 

0.67C 

512 

0.562 

0.615 

0.655 

0.659 

1024 

0.572 

0.629 

0.665 

0.665 

2048 

0.577 

0.634 

0.675 

0.670 

(31) 

Table  X. — Valeic  Acid,     "olecular  Conductivity. 
V.  ;^,0°  u.l2°        u,25°  ...35° 


32 

108.1 

141.0 

175.4 

198.8 

128 

159.2 

206.6 

256.2 

290,7 

512 

193.5 

257.4 

317.6 

360.8 

1024 

212.8 

274.7 

337.9 

384.6 

2046 

221.1 

286.6 

352.3 

400.8 

TGFiperature  Coef f icionts. 


-^: 

-12° 

'     Cond. 

-25° 

Per' 

25%^ 

-''"        , 

V. 

'     Cond. 

Per' 

'     Cond . 

Per' 

units 

cent 

units 

cent 

units 

cent 

32 

2.74 

2.54 

2.65 

1.88 

2.34 

1.34 

128 

3.95 

2.48 

3.83 

1.85 

3.45 

1.35 

512 

4,85 

2.50 

4.63 

1.80 

4.32 

1.36 

1024 

5.14 

2.43 

4.86 

1.77 

4.57 

1.38 

2048 

5.46 

2.47 

5.05 

1.76 

4.85 

1.41 

Percentage  Dissociation. 
V.  oL     0°         ol  12o  « 25° 


o;3  5^ 


32 

48.48 

48.78 

49.72 

49.46 

128 

71.50 

71.50 

72.56 

72.31 

512 

89.00 

89.06 

89.97 

89.76 

1024 

95.05 

95.06. 

95.72 

95.68 

2048 

99.10 

99.17 

99.79 

99.72 

Dissociation  Constants  x  10 


32 

143. 

128 

141. 

512 

141. 

1024 

179. 

2048 



12^ 


25^ 


35^ 


145.  154.  151. 

140.  150.  148. 

142.  158.  154. 

179.  209.  2C6. 


(32) 

Table  XI.— Pvmaric  Acid.     T'olocnlar  Conductivity. 


V. 

,^.0° 

u,12° 

..,25° 

..,35° 

32 

3  5.46 

46.56 

58.00 

65.79 

128 

65.67 

8G.42 

107.2 

121.2 

512 

114,1 

149.1 

184.9 

209,6 

1024 

141.4 

184,9 

228.1 

258.1 

2048 

176.5 

229.0 

231. C 

318.1 

Teriperature   Coefficients. 


0°- 

-12' 

12?- 

-25° 

25°. 

-35° 

V. 

'    Cond. 

^'        Per^ 

'     Cond, 

piF^ 

'     Cond, 

Per' 

Units 

cont 

units 

cent 

units 

cent 

32 

0,94 

2.64 

0,87 

1,87 

1.78 

1.19 

128 

1,73 

2.63 

1,60 

1,85 

1,46 

1.20 

512 

2,92 

2.56 

2,75 

1.85 

2,47 

1.18 

1024 

3,62 

2.56 

3.32 

1.80 

3,00 

1.17 

2048 

4.33 

2.45 

4,00 

1.75 

3,71 

1.17 

Percentage  Disoociation, 


V. 

0.0° 

o 

^12 

0(25° 

d35° 

32 

15,90 

16.14 

15.43 

16.27 

128 

29.45 

29.90 

30.37 

30.15 

512 

51.17 

51.59 

52.37 

52.14 

1024 

63,43 

G3.97 

64.62 

64.21 

2048 

59,14 

79,23 

79.60 

79.12 

Dissociation  Constants  x  10 

0^  12°  25°  35^ 


32 

9.40 

9.72 

10.1 

10.0 

128 

9.61 

9.97 

10.4 

10.2 

512 

10.5 

10.7 

11.3 

11.0 

1024 

10. 7 

11.1 

11,5 

11.2 

2048 

I'l  .7 

14,8 

15.2 

14.6 

(33) 


TalDle  XIT.— Citraconic  Acid.     T'olocular  Conductivity. 


12^ 


,35^ 


32 

68.66 

85.82 

103.0 

115.1 

128 

114.3 

144.0 

173.4 

194.4 

512 

165. S 

210,2 

255.4 

1024 

18  6.1 

237.0 

289.1 

226.5 

2048 

200.5 

257.1 

315.0 

356.0 

Tonperaturo  Coefficients. 


0°~1 


nO 


12"r-25' 


25°— 35^ 


V. 

'     Cond. 

Per  ' 

'     Gond. 

Per' 

'     Cond. 

Per  ' 

units 

cont 

units 

cent 

units 

cent 

32 

1.43 

2.08 

1.32 

1.54 

1.21 

1.18 

128 

2.48 

2.17 

2.26 

1.57 

2.10 

1.21 

512 

3.69 

2.23 

3.48 

1.65 

3.28 

1.28 

1024 

4.24 

2.28 

4.00 

1.69 

3.74 

1.29 

2048 

4.70 

2.34 

4.46 

1.74 

4.10 

1.30 

Percentage  Dissociation. 


2^12^ 


^25^ 


(35^ 


32 

31.02 

30.16 

29.34 

28.77 

128 

51,64 

50.60' 

49.40 

48.60 

512 

74.98 

73.86 

72.76 

72.04 

1024 

84.  G9 

83.28 

82.37 

81.62 

2048 

9C.59 

90. SI 

89.74 

89.01 

Dissociation  Constants  x  10"* 

0°  12°  25°  3  5° 


32 

43.6 

40.7 

38.1 

36.3 

128 

43.1 

40.5 

37.7 

35.9 

512 

43.9 

40.8 

36.0 

36.2 

1024 

43.4 

40.5 

37.6 

35.4 

2048 

42.6 

41.0 

38.3 

35.3 

(34) 


Table  XIII. — resaconic  Acid,  "olocular  Conductivity. 


V. 

^..0° 

.^2° 

..25° 

,,..35° 

32 

33.31 

42.85 

52.00 

58.04 

128 

02.  GO 

80.13 

97.30 

108.5 

512 

ice.o 

139.0 

168.5 

186.2 

1024 

134.7 

172.9 

209.8 

234.0 

2048 

1G0.9 

206.3 

250.0 

273.8 

Ter^  p  Q  ratu  re   Coo  f  f  i  c  io  nt  3 . 


oS 

-12° 

12°- 

-25° 

25?- 

-35° 

V. 

'    Oord. 

Per' 

'     Cond . 

Per' 

'     Oond . 

Per  ' 

units 

cent 

units 

cent 

units 

cent 

32 

0.80 

2.39 

0.70 

1.63 

0.60 

1.16 

128 

1.47 

2.36 

1.32 

1.64 

1.12 

1.15 

512 

2.54 

2.35 

2.27 

1.63 

1.97 

1.16 

1024 

3.78 

2.37 

2.64 

1.64 

2.42 

1.15 

2048 

4.09 

2.35 

3.36 

1.63 

2.88 

1.15 

Percentage  Dissociation. 

3C  0°         ^12°         .x250  ^35^ 


32 

15.05 

15.04 

14.81 

14.51 

128 

28.29 

28.17 

27.72 

27,13 

512 

48.79 

48.67 

48.00 

47.06 

1024 

50.87 

60.74 

59.77 

58.49 

2048 

72.69 

72.49 

71.22 

69.69 

Dissociation  Constants  x  10 

0°  12°  25°  35° 


32 

8.4 

8.4 

8.1 

7.7 

138 

a./ 

8.6 

8.3 

7.9 

512 

y.i 

9.0 

8.6 

3.2 

1024 

y.a 

9.2 

8.7 

8.1 

2048 

y.o 

9.3 

8.6 

9.3 

(35) 

Tabla  XIV.- -Itaconic  Acid.     Yoleoular  Conductivity. 
V.  ,^0°      .    13912  25°  .    35^ 


32 

13.50 

20.77 

23.63 

27.22 

128 

26.00 

39.95 

45,52 

52.21 

512 

49 .  51 

74.57 

34.74 

97.11 

1024 

66.70 

99.51 

113.3 

129.8 

2048 

87.91 

129.9 

147.3 

157.5 

Tamparatur©  Ooeff iciants. 


0°^ 
'     Co  nd . 

-12?12 
"-paV^ 

18°12;,- 

-25° 

25% 

0 

-35 

V. 

■^  C'ond. 

•--■fer' 

'    Cond. 

""VqP 

units 

cent 

units 

cent 

units 

o':>nt 

32 

0.40 

2.97 

0.42 

2.04 

0.35 

1.50 

128 

0.77 

2.97 

0.83 

2.03 

0.67 

1.47 

512 

1.38 

2.79 

1.48 

1.93 

1.24 

1.46 

1024 

1.81 

2.71 

2.01 

2.01 

1.65 

1.45 

2043 

2.32 

2.64 

2.53 

1.95 

2.02 

1.44 

Parcentaiie  Disijociation. 


^35' 


32 

6.10 

6.57 

6.75 

6.80 

123 

11.75 

12.64 

12.97 

13.05 

512 

22.38 

23.60 

24.15 

24.23 

1024 

30.14 

31.49 

32.28 

32.45 

2048 

39.72 

41.11 

41.93 

41.87 

4 
Dissociation  Constants  x  10 


V. 

0° 

18^.2 

25° 

35^ 

32 

1.24 

1.45 

1.53 

1.55 

128 

1.33 

1.43 

1.51 

1.53 

512 

1.26 

1.43 

1.50 

1.52 

1024 

1.27 

1.42 

1.50 

1.52 

2043 

1.28 

1.40 

1.49 

1.47 

(36) 


Table  XV.— Cro 

tonic  Acid 

.     T'o^ec'j 

,lar  Condu 

ctiyity. 

V. 

^.0° 

,12° 

25° 

35° 

8 

2.752 

3.640 

4.550 

5.177 

32 

5,526 

7.312 

9.123 

10.31 

128 

10.92 

14.49 

18.00 

20.29 

512 

21.25 

28.23 

35.15 

39.8  5 

1024 

29.11 

3C.50 

43.04 

54.60 

2048 

39.73 

53.41 

6  5.33 

74,19 

Toriperature  Coefficients. 


0°. 

—12 

0 

12°- 

1:^25 

0 

25°-. 

^35° 

V. 

'     Cond . 

Per' 

'     Cond. 

Per' 

^  Cond. 

Per  ' 

units 

cont 

units 

oont 

units 

cent 

8 

C.C7 

2.69 

0.07 

1.92 

0.06 

1.38 

32 

0.15 

2.69 

0.14 

1.91 

0.12 

1.31 

128 

0.30 

2.72 

0.27 

1.86 

0.23 

1.27 

512 

0.53 

2.74 

0.53 

1.89 

0.47 

1.34 

1024 

0.78 

2.68 

0.73 

1.91 

0.66 

1.37 

2043  1.05  2.57  0.99  1.90  0.89  1.36 


Parcentaf'O  Tisoociation. 


V. 

oC0° 

0(12° 

^  25° 

d^35* 

8 

1.24 

1.27 

1.29 

1.29 

32 

2.49 

2.56 

2.59 

2.57 

123 

4.92 

5.07 

5.11 

5.05 

512 

9.57 

9.87 

10.00 

9.91 

1024 

13  .12 

13.46 

13.55 

13.58 

2048 

17.74 

18.32 

13,57 

18.45 

V. 

0° 

12° 

25° 

3  5° 

8 

0.195 

0.205 

0.212 

0.211 

32 

0.190 

0.210 

0.215 

0.211 

128 

0.199 

0.211 

0.215 

0.210 

512 

0.198 

0.211 

0.216 

0.213 

1024 

0.194 

0.205 

0.211 

0.208 

2048 

C.1S7 

0.201 

0.207 

0.204 

(37) 


Table  X\''I. — Raoomic  Acid.     T'olecular  Conductivity. 


V. 

^.0° 

v,12° 

J.  2  5° 

,35° 

8 

18.02 

24.35 

30.97 

3  5.98 

32 

34.  SO 

46.85 

59.65 

69.03 

128 

63.24 

85.15 

133.2 

124.7 

512 

110.6 

147.8 

187.0 

215.1 

1024 

139.0 

183.7 

230.0 

264.3 

2048 

175.3 

231.5 

290.4 

333.3 

ToiTiporaturo  Coef f icionts. 


0% 

-12° 

12°- 

t25° 

25^^- 

-35^ 

V. 

'     ConJ , 

For   ^ 

'      Oond. 

P^r^ 

'     Cond'. 

Pter  ' 

units 

cent 

units 

cent 

units 

cent 

S 

1.53 

2.93 

0.51 

2.09 

0.50 

1.62 

32 

1.02 

2.93 

0.99 

2.10 

0.95 

1.59 

128 

1.83 

2.89 

1.77 

2.06 

1.65 

1.53 

512 

3.10 

2.80 

3.02 

2.04 

2.81 

1.50 

1024 

3.73 

2.63 

3.56 

2.94 

3.43 

1.49 

2048 

4.63 

2.67 

4.53 

1.95 

4.34 

1.50 

Percontago  Dissociation. 


V. 

^   0° 

.cl2° 

X  25° 

oc35° 

8 

8.15 

8.51 

8,85 

9.04 

32 

15.66 

16.38 

17.04 

17.34 

123 

28.63 

29.77 

30.91 

31.32 

512 

50.03 

51.68 

53.42 

54.04 

.024 

G2.90 

64.22 

65.70 

66.40 

2048  79.30  30.93         82.96  33.85 

Dissociation  Constants  x  10 


V. 

0° 

12^ 

25° 

35° 

8 

9.1 

9.9 

10.8 

11.2 

32 

9.1 

10.0 

10.9 

11.3 

123 

9.0 

9.9 

10.8 

11.2 

512 

9.8 

10.8 

12.0 

12.4 

1024 

10.4 

11.3 

12.3 

12.8 

2048 

14.8 

15.8 

19.7 

21.3 

(38) 


Table  XVII. — Pyrotartaric  Acid,     ''oleculnr  Conductivity. 
V.  u,C°  ^-,12°  ..,25°  ^,35° 

3  5.403  7.150         9.045         10.41 


32 

10.94 

14.41 

13.13 

20.80 

128 

21.08 

27.68 

35.00 

40.00 

512 

'10.45 

53.06 

67.02 

76.56 

1024 

54.18 

71.31 

3S.73 

102.4 

2048 

73.00 

96. CO 

120.3 

137.7 

Temperature  Coefficients. 
-12°  12°— 25°  38—35° 


V, 

'     Cond. 

Per  '      ^ 

Cond. 

Per"* 

'     Cond . 

Per 

units 

cent 

units 

cent 

units 

cent 

8 

0.15 

2.70 

0.15 

2.04 

0.14 

1.49 

32 

0.29 

2.64 

0.29 

1.99 

0.27 

1.47 

128 

0.56 

2.61 

0.56 

2.03 

0.50 

1.43 

512 

1.05 

2.6a 

1.07 

2.02 

0.95 

1.42 

1024 

1.43 

2.63 

1.42 

1.99 

1.27 

1.42 

2C4S 

1.92 

2.62 
Percentage 

1.87 
Dissoc 

1.95 
iat  ion . 

1.74 

1.45 

V. 

A  e°          ocl2° 

x25° 

^350 

0  2.44  2.46  2.59  2.62 

32  4.95  4.97  5.20  5.24 

128  9.54  9.55  10.03  10.08 

512  18.30  18.30  19.21  19.29 

1024  24.51  24.60  25.71  25.79 

2048  33.03  33.11  34.46  34.69 


Dissociation  Constants  x  10 


V. 

0° 

12° 

25° 

31 

8 

77 

78 

S6 

89 

32 

81 

81 

89 

90 

128 

79 

79 

87 

88 

512 

80 

80 

89 

90 

1024 

7G 

78 

87 

88 

2048 

80 

80 

88 

90 

(39) 


Tablo  X\''III. — Citric  Acid.     T'olecular  Conductivity. 


s 

15.64 

24.34 

27.50 

32.05 

32 

30.27 

46.74 

52.76 

61.42 

128 

55.94 

86.40 

97.30 

112.7 

512 

97.22 

148.3 

1G7.6 

195.1 

1024 

127.3 

193.3 

218.1 

251.9 

2048 

153.2 

229.3 

257.9 

297.8 

Temperature  Coefficients. 


0 
1     Cond . 

r-18.10 

Per^ 

18'?10-25° 

250- 

-35° 

V. 

'     Cond . 

Per  ' 

'     Cond . 

Per' 

units 

cent 

units 

cent 

units 

cent 

8 

0.48 

3.07 

0.46 

1.88 

0.46 

1.66 

32 

0.91 

3.00 

0.67 

1.87 

0.87 

1.64 

128 

1.68 

3.01 

1.58 

1,83 

1.54 

1.58 

512 

2.82 

2.90 

2.80 

1.87 

2.66 

1.58 

1024 

3.64 

2.86 

3.59 

1.86 

3,38 

1.55 

:048 

4.20 

2.75 

4.15 

1.81 

3.99 

1,55 

Percentase  Dissociation 

V. 

o^   0° 

Xl8°10 

x25° 

^350 

8 

7.14 

7.82 

7.97 

8.13 

32 

13.82 

15.03 

15.30 

15.67 

128 

25.55 

27.77 

28.20 

28.74 

512 

44.40 

47.46 

48.59 

49.75 

1024 

58.13 

62.16 

63.23 

64.25 

2048  59.97  73.72         74.74  75.93 

4 
Dissociation  Constants  x  10 

V.  0°  1891C  250  35° 


8 

6,87 

8.30 

8.63 

9.10 

32 

6,92 

6.30 

S.63 

9.10 

128 

6.85 

S.34 

8.66 

9.05 

512 

6.92 

8.38 

8.97 

9.63 

1024 

7.88 

9.95 

10.6 

11.3 

2048  7.95  10.1  10.8  11.7 


(40) 


'able  XIX. — Pyrorucic  Acid.     T'olecular  Conductivity. 


V. 

u.  0° 

..12° 

,  .SS^' 

.35' 

8 

17.47 

22.01 

26.29 

28.94 

32 

34.24 

42.76 

51.15 

56.37 

12B 

62.90 

79.22 

94.61 

104.5 

512 

107.1 

13G.4 

163.2 

1C8.0 

1024 

132,0 

169.0 

201.3 

222.9 

2048 

159.5 

203.0 

245.1 

270.1 

Teriparature  Coefficients. 
Q°--12°  12^—25°  25^—35° 


V. 

'     Cond . 

Per' 

'     Cond. 

Per  ' 

'     Cond . 

?^ 

units 

cent 

units 

cent 

unit  3 

cent 

8 

C.3S 

2.18 

C.33 

1.50 

0.23 

1.05 

32 

0.71 

2.08 

0.65 

1.61 

0.52 

1.04 

128 

1.36 

2.16 

1,18 

1.50 

0.99 

1.05 

512 

2.44 

2.28 

2.06 

1.51 

31.68 

1.03 

1024 

3.08 

2.31 

2.49 

1.47 

2.06 

1.02 

2048 

3.62 

2.27 

3.24 

1.59 

2.50 

1.02 

Percentage  Dissociation. 


V. 

^JL  0° 

^12° 

0(25° 

cx35° 

8 

7.83 

7.64 

7.33 

7.15 

32 

15.36 

14.85 

11.41 

13.92 

128 

28.21 

27.51 

26.65 

25.80 

512 

48.03 

47.36 

45.97 

44.44 

1024 

59.20 

58.68 

56.99 

55.03 

2048 

71.52 

70.49 

69.05 

66.70 

Dissociation  Constants  x  10 
V.  0°  12°  25°  35° 


8 

8.3 

7.9 

7.4 

6.9 

32 

8.7 

8.1 

7.6 

7.0 

128 

8.7 

S.l 

7.6 

7.0 

512 

8.7 

S.3 

7.6 

6.9 

1024 

8.4 

S.l 

7.4 

6.6 

2048 

3.7 

8.2 

7.5 

6.5 

(41) 


Table  XX. — Rerzoic  Acid.     Molecular  Conductivity. 


V. 

^.e°. 

ua5°.30            u,25°. 

^.35^ 

64 

128 

512 

1024 

2048 

13.42 
13.79 
35.00 
47.63 
64.95 

Temperature 

19.08                12^ 
26.93                31^ 
51.30               59. 
58.33                79 

91.30             106 

Coeffioionts. 

.29 
.39 
.79 

.56 
.0 

25.40 
33.71 
67.81 
90.11 

119.7 

0°- 

-15°80 

15°80— 25° 
Cond.            Per"* 
units           cent 

r" 

25°- 

-350 

V. 

""Cond. 
units 

Per  '      ^ 
cent 

Co'nd. 
units 

Per' 
cent 

64 
128 
512 

1024 

2048 

0.36 
0.50 
0.97 
1.25 
1.57 

2.57 
2.66 
2.69 

2.64 
2.57 

0.35             1.83 
0.49              1.81 
0.92             1.31 
1.22             1.79 
1.50             1.75 

0.31 
0.43 
0.80 
1.06 
1.37 

1.40 
1.38 
1.35 
1.33 
1.30 

Percentage  Dissociation 

X  0°  ^15^80  ^25°  0(35° 


54 

6.04 

6.32 

6.35 

6,34 

128 

8.46 

•    8.92 

8.94 

3.92 

512 

16.21 

17.00 

17.02 

16.94 

1024 

21.45 

22.62 

22.67 

22.52 

2048 

29.25 

30.24 

30.20 

29.92 

Dissociation  Constants  x  lO'' 


V. 

0° 

15^80 

25° 

3  5° 

64 

0.607 

0.666 

0.672 

0.572 

128 

0.611 

0.6S2 

0.685 

0.634 

512 

0.613 

0.679 

0.683 

0.676 

1024 

0.572 

0.646 

0.649 

0.640 

2048 

C.591 

0.640 

0.638 

0.624 

(42)' 


Table  XXI. — o-Toluic  Acid.     T'olecular  Conductivity. 

V.  ^,0°  ,,,12°         ^,25°  ,,35° 

512  54.71         68.32         81.09         88.44 

1024  71.65         89.87       106.7         116.7 

2048  95.06       118.7         141.0         154.7 

Toiriperature  Coef  f  icionts. 
0°-12°  12°r--25°  25°-r35' 


V.               Cond.  Per  Cond.  Per  '  '     Gond.  Far 

units  cant  units  cent  units  cent 

512             1.13  2.07  0.08  1.44  0.74  0.91 

1024             1.52  2.11  1.29  1.44  1.00  0.94 

2048             1.93  2.03  1.72  1.44  1.33  0.94 


Percentai^o  Dissociation. 

V.  ^0°  y{  12°  =(25°  ^35° 

512  24.76  24.11  23.23  22.20 

1024  32.44  31.71         30.50         29.47 

2048  43.01         41.7  5         40.54         39.16 

4 
Dissociation  Constant o  x  10 

V.  0°  12°  25°  35° 

512  1.59  1.49  1.37         1.25 

1024  1.52  1.44  1.32         1.30 

2048  1.59  1.45  1.35         1.22 


(43) 


Table  XXIT.—m-Toluic  Acid.     T'olocular  Conduct ivi"! 

V.  0.0°  ,.12°  ,.,25°  ,,35<^ 

512  33.05         43.57         54.60         62.05 

1024  45.20  59.43  74.16  03.93 

2048  61.24  30.79        100.4  113.1 

Tonporaturo  Coefficients. 


o°-u° 

12°- 

-25° 

'     Cond . 
units 

5° 

V. 

'     Cond . 
units 

Per     ' 
cent 

'     Cond . 
units 

Per    ' 
cent 

Per    ' 
cent 

512 

1024 
2048 

0.3S 
1.19 
1.63 

2.65 
2.62 

2.66 

0.85 
1.13 
1.51 

1.95 
1.91 
1.87 

0,75 
0.98 
1.27 

1.37 
1.32 
1.27 

Percentage  Dissociation. 

V.              ^0°          X  12°          X  25°  X  35° 

512     14.95    15.44    15.64  15.63 

l'-:24     20.45    21.05    21.25  21.14 

2048     27.71    28.63    28.77  28.49 

Dissociation  Constants  x  10'' 

V.       0°      12°      25°  35° 

512            0.513          0.550         0.567  0.565 

1024            0.513         0.548         0.560  0.554 

2048            0.519         0.560         0.567  0.5  54 


(4-1) 


Table  XXIII. — p-Toluic  Acid.     T'oleoular  Conductivity. 


wO" 


.12^ 


,.35^ 


512 

■  _ 



48.48 

55.44 

1024 

39.63 

52.52 

6o.l3 

75.54 

2048 

54.12 

71.75 

89.96 

103 , 5 

TeiTipcrature  Coefficients 


Cond. 
units 


512 
1024 
2048 


1.C7 
1.47 


2.76 

2.72 


1.05 
1.40 


1.99 

1.95 


0.70  1.44 

0,94  1.42 

0.35  1.50 


Percentage  Dissociation 


^   0^ 


X  12^ 


X25^ 


512 



1024 

17.93 

2048 

24.49 

0^35' 


13.89         13.96 

18.49  18.95  19.02 

25.26         25.78  26.07 


Dissociation  Constants  x  10* 

0°  12°  25°  3  50 


512  

1024     0.383 
2048     0.3 88 


0.410 

0.417 


0.438  0.433 

0.433  0.437 

0.437  0.449 


(45) 


Table  :aiV.— C-Phthalic  Acid,  "'olecular  Conductivity. 


V. 

^A.0° 

.,8?23 

.  ,  25° 

.35° 

64 

55.98 

66.45 

85.92 

96.48 

128 

74.56 

88.32 

114.8 

128.9 

512 

i;>2.3 

145.7 

139.2 

212.5 

1024 

148.2 

177.1 

231.9 

259.7 

2048 

174.2 

206.4 

272.7 

306.0 

Terr.parature   Coef f icionta. 


^      tz: 

iSi 

23 

8?23- 

■::21 

0 

Cond . 

:?l! 

V. 

^  Cor.d. 

?3r*^ 

'    Cond . 

For     ' 

T^f^ 

units 

cent 

units 

cent 

units 

cent 

64 

1.27 

2.27 

1.16 

1.75 

1.06 

1.23 

128 

1.67 

':.24 

1.58 

1.79 

1.41 

1.23 

512 

2.84 

2.33 

2.59 

1.78 

2.33 

1.23 

.024 

3.51 

2.37 

3.27 

1.85 

2.73 

1.20 

1048 

4.16 

2.39 

3.83 

1.84 

3.33 

1.22 

Percentage  Dissociation. 

V.  0^0°        OC8923         ^   250  J<  35° 

64  25.33  24.89  24.62  24.31 

128  33.75  33,09  32.90  32.47 

512  55.34  54.58  54.23  53.52 

1024  67.07  66.33  66.45  65,42 

2048  78.81  78.05  78.14  77.07 

A 

Dissociation  Constants  x  10" 


V. 

0° 

8*^23 

25° 

35° 

64 

13.4 

l2.9 

12.6 

12.2 

128 

13.4 

12.8 

12.6 

12.2 

512 

13.4 

12,8 

12.5 

12.0 

1024 

13.3 

12.8 

12.8 

12.1 

2048 

14.3 

13.6 

13.6 

12.7 

(46) 


lablo  XYY. — Cir.nanic  Acid,     yolocular  Conductivity, 

V.  r.CP  v.5?3  ,,.25°  ,35° 

512  26.50         30.67         44.60         50.70 

1024  36.40         42.11         61.22  69.63 

2048  49.69  57.40  83.45  94.81 

Temperature  Coefficients. 


, _rz;d 

°3 

5^3-25° 

25°— 35° 

V. 

'     Cond . 
units 

Per     ' 

cent 

'     Cond . 
units 

cent 

'     Cond.           Per 
urdts           cent 

512 
1024 
2048 

0.79 
1.08 
1.46 

2.97 
2.96 
2.93 

0.71 
0.97 
1.32 

2.31 
2.30 
2.30 

0.61             1.37 
0.84             1.37 
1.14             1.36 

Percentage  Dissociation. 

V.              oc  0°         ^593             •x25°  X35° 

512            12.04          12.37         12.01  12.80 

1024           16.55         16.97          17.59  17.58 

2C4€             :2.08          23.14          23.98  23.94 

Dissociation  Constants  x  10'' 

V.                   0°              5?3              25°  35° 

512     0.322    0.341    0.368  0.367 

1024     0.320    0.339    0.367  0.365 

2048     0.305    0.342    0.370  0.368 


(47) 

Table  XXVI. — Salicylic  Acid,     "olecular  Ctonductivity. 


V. 

/..OO 

,.699 

.25° 

.  ,35" 

64 



80.50 

92.80 

128 

52.65 

75.59 

108.3 

125.1 

512 

105.4 

126.4 

181.2 

207.0 

1024 

130.7 

156.9 

223.2 

255.4 

2048 

153.8 

183.9 

259.9 

295.7 

Temperature  Coefficients 

0%-6°9  6?9-^25°  25°-35° 

V.           '     Cond.           Per     '  '     Co'nd.           Tor     '       '  Cond.  Por    ' 

uhits           cent  units           cent  units  cent 

64     1.23  1.53 

128      1.3S      2.99  1.83      2.42  1.68  1.55 

512      3.12      2.96  3.00      2.37  2.58  1.42 

1024      3.80      2.91  3.63      2.31  3.22  1.41 

2048      4.36      3.84  2.16      2.26  3.58  1.38 


Percentage  Disoociation 


V. 

^0^ 

o(6°9 

0(25° 

0(35° 

64 





22.8  0 

23.02 

128 

28.09 

29.05 

30.63 

31.03 

512 

47,28 

48.62 

51.34 

51.37 

1024 

58.60 

60.34 

G3.22 

63.37 

2048 

68.96 

70.73 

73.52 

73.36 

Dissociation  Constants  x  10 
0°  599  25° 


64 





10. 5 

10.7 

128 

8.5 

9.3 

10.6 

10.9 

512 

8.3 

9.0 

10.6 

10.6 

1024 

8.1 

9.0 

10.6 

10.7 

2048 

7.5 

8.4 

9.4 

9.9 

(48) 

Tabla  XXVII. — m-Oxybsnaoic  Acid.     7'olocular  Conductivity, 
V.  M,  0°        ■vl3°22        «/>,25°  -.35° 


64 

14.65 

19.97 

24.35 

27.74 

128 

20.48 

27.85 

33.95 

38.63 

512 

39.04 

52.89 

64.50 

73.28 

1024 

53.09 

72.01 

87.80 

99.70 

2048 

71.20 

96.03 

116.9 

132.6 

^er.perature   Cocf ficionts. 


0°-13?22 

\     r 

13.22'^. 
Cond. 

1.-25° 

Per 

~\ 

25% 

-35° 

V. 

'     Oond . 

Per 

'     Cond . 

Per    ' 

units 

cent 

units 

cent 

units 

cent 

64 

0.40 

2.75 

0.37 

1.S6 

0.34 

0.39 

128 

0.56 

2.72 

0.52 

1.86 

0.47 

1.38 

512 

1.05 

2.68 

0.99 

1.86 

0.88 

1.36 

1C24 

1.44 

2.71 

1.31 

1.81 

1.19 

1.36 

2048 

1.94 

2.74 

1.72 

1.78 

1.57 

1.34 

Percentag( 

3  Dissociation. 

V. 

^0° 

3^13?22 

-.25° 

.(35° 

64 

6.57 

6 

.82 

6.90 

6. 

.38 

128 

9.18 

9 

.50 

9.62 

9, 

.58 

512 

17.51 

18 

.05 

18.27 

18. 

.19 

1024 

23.81 

24 

.56 

24.87 

24, 

.74 

2048 

31.93 

32. 

.77 

33.12 

32. 

.91 

Dissociation  Constants  x  10"* 
0°  13922  25°  35° 


64 

0.722 

0.779 

0.799 

0.795 

128 

0.725 

0.780 

0.799 

0.794 

512 

0.725 

0.776 

0.798 

0.789 

1024 

0.726 

0.7S1 

0.804 

0.794 

2048 

0.715 

0.780 

0.801 

0.733 

(49) 


Table  iLXVIII.— p-Oxybanzoic  Acid.     Volocular  Ccrduotivity. 
V.  a.0°        ^.,13?23        ..25°  ,35° 


64 

8.746 

11,09 

14.79 

16.97 

12S 

12.29 

15.81 

20.69 

23.71 

512 

23.87 

32.45 

39.96 

45.77 

1024 

33.03 

44.91 

55.30 

53.24 

2048 

44.40 

60.39 

74.14 

85.60 

Tenperatura  Coefficients, 
"  23—25"^ 


-13.23 


13 


25°--35^ 


V. 

'     Cond. 

Por    > 

'     Cond . 

Per     ' 

'     Cond , 

PeT^ 

units 

cent 

units 

cent 

units 

cent 

64 

0.25 

2.80 

0.24 

1.98 

0.22 

1.46 

128 

0.34 

2.78 

0.33 

1.96 

0.30 

1.46 

512 

0.65 

2t72 

0.64 

1.97 

0.58 

1.45 

1024 

0.90 

2.72 

0.88 

1.97 

0.79 

1.44 

2048 

1.21 

2.72 

0.17 

1.94 

1.05 

1.41 

Percentage  Dissociation. 


^  0^ 


al3°23       3(25°  0(35° 


64 

3.92 

4.09 

4.19 

4.21 

128 

5.51 

5.74 

5.86 

5.88 

512 

10.70 

11.08 

11.32 

11.36 

1024 

14.81 

15.32 

15.66 

15.70 

2048 

19.91 

20.61 

21.00 

21.00 

Dissociation  Constants  x  10 


0° 


13.23 


25"^ 


35^ 


64 

0.250 

0.273 

0.236 

0.289 

128 

0.251 

0.273 

0.235 

0.287 

512 

0.251 

0.269 

C.282 

0.284 

1024 

0.252 

0.271 

0.284 

0.285 

2048 

0.242 

0.261 

0.273 

01273 

(50) 


Table  XXIX.— C-allic  Acid,     ■"olecular  Conductivity 


,0° 


6V5 


..,25° 


54 

9.79C 

11.66 

16.90 

19.36 

128 

14.01 

15.55 

23.60 

27.10 

512 

2S.89 

34.  OS 

4S.33 

55.12 

1024 

37.84 

44.63 

62.50 

71.18 

2048 

51.50 

50.72 

85.02 

96.7 

Temperature  Coef f ioiants, 


0°- 

-6?5 

6?5-, 

?5° 

25°- 

•r35° 

V. 

'     Cond . 

Per   ^ 

'     Cond . 

Par     ' 

'     Cond . 

Per    ' 

units 

cent 

units 

cent 

units 

cent 

64 

0,29 

2.94 

0.28 

2.43 

0.25 

1.46 

128 

0.39 

2.79 

0.38 

2.30 

0.35 

1.48 

512 

0.80 

2.77 

C.77 

2,26 

C.6S 

1.41 

1024 

1.05 

2.76 

0.97 

2.17 

0.87 

1.39 

2048 

1.42 

2.75 

1.31 

2.16 

1.17 

1.33 

Pcrcontaso  Biasociation. 


V. 

0.0° 

016.5 

a  25° 

a  35° 

64 

4.44 

4.59 

4.86 

4.89 

128 

6.36 

6,51 

6.78 

6.85 

512 

13.11 

13.41 

13.89 

13,92 

.024 

17.18 

17.55 

17.95 

17. 9B 

!C48 

23.37 

23.88 

24,43 

24.43 

Dissociation  Constants  x  IC 


6^5 


25° 


35^ 


64 

0.323 

0.345 

C.3S7 

0.393 

128 

0.338 

0.354 

0.385 

0.394 

512 

0.337 

0.405 

0.437 

0.440 

1024 

0.348 

0.365 

0.384 

0.385 

2048 

0.349 

0.366 

0,386 

0.386 

(51) 

Table  XXX. — I'etanilic  Acid.       ''olecular  Conductivity. 
V.  ^A.0°         ^.,12°  v,25°  .,3  5° 


32 

11.60 

13.  CI 

26.89 

3  5.01 

128 

22.90 

34.84 

51.40 

65.89 

512 

42.76 

55.66 

95.10 

121.1 

1C24 

5Si01 

87.96 

125.3 

158.1 

2048 

76.38 

115.1 

162.3 

203.5 

Ter.porature  Coefficients, 


0^—12^ 

) 

13°— g  5 

;0 

25"r-3 

15° 

V. 

'     Cond . 

Per     ' 

'     Cond . 

Pef^     ' 

Cond. 

?er"> 

units 

cent 

units 

cent 

units 

cent 

32 

C.53 

4.61 

0.68 

3.79 

0.61 

3,02 

128 

1.00 

4.40 

1.28 

3.66 

1.55 

3.01 

512 

1.91 

4.45 

3.27 

3.45 

2.60 

2.73 

1024 

2.50 

4,30 

2.91 

3.31 

3.23 

2.63 

2043 

3.23 

4.22 

3.67 

3.19 

4.07 

2.50 

Percentage  Dissociation. 
4  0°  0(120  a  25°  a  3  5^ 


32 

5.23 

6.32 

7.67 

8.75 

128 

10.27 

12.23 

14.64 

16.72 

512 

19.26 

23.04 

27.10 

30.27 

1024 

26.13 

30.87 

35.84 

39.53 

2048 

34.41 

40.39 

46.37 

50.88 

Dissociation  Constants  x 

4 
10 

V. 

0° 

12° 

25° 

35° 

32 

0.90 

1.33 

1.99 

2.62 

128 

C.89 

1.33 

1.96 

2.62 

512 

0.90 

1.35 

1.97 

2.57 

1024 

0.90 

1.35 

1.96 

2.52 

2048 

0.85 

1.34 

1.96 

2.57 

(52) 

Table  IXXT. — oulphanilic  Acid.     I'olecular  Conductivity. 


V. 

^..oo 

..6°3 

.,25° 

..35° 

32 

21.80 

27.25 

47.20 

60.0 

123 

40.66 

130. S9 

C7.51 

lie. 2 

512 

74.25 

91,33 

152.8 

188.3 

1024 

96.40 

118.1 

193.0 

237.  C 

2048 

121.5 

148.4 

235.2 

281.5 

Teripsrature   Coef ficionts. 


o°- 

-6°3 

6?3-S5" 

25°- 

-35° 

V. 

'     Gond . 

Per     ' 

'     Oond . 

-fir-' 

■"  Cond. 

Per  "• 

units 

cont 

units 

cent 

units 

cent 

32 

0.83 

4.03 

1.07 

3.91 

1.28 

2.71 

128 

1.62 

3.99 

1.96 

3.85 

2.27 

2.59 

512 

2.71 

3.65 

3.29 

3.60 

3.55 

2.33 

1024 

3.45 

3.57 

4.01 

3.39 

4.40 

2.28 

2043 

4.27 

3.52 

4.53 

3.06 

4.63 

1.97 

?eroentci2©  Dissociation 


V. 

A0° 

A  6'J3 

0(25° 

a  35° 

32 

9.32 

10.69 

13.45 

15.00 

128 

13.31 

19.95 

24.93 

27.55 

512 

33.44 

35.82 

43 . 5? 

47.06 

1024 

43.42 

46.33 

54.99 

58.75 

2048 

54.71 

58.21 

67.02 

70.37 

Disaociat 

ion  Cons 

tants  X  10^ 

V. 

0° 

6°3 

25° 

35° 

32 

3.34 

4.00 

6.53 

8.27 

128 

3.20 

3.89 

6.47 

8.19 

512 

3.28 

3.90 

6.55 

8.18 

1024 

3.26 

3.90 

6.56 

8.17 

2048 

3.23 

3.96 

6.64 

8.16 

(53) 

Table  XXXII. — 0-imidobenzoic  Acid.  Tolocular  Conductivity. 

V.              u,0O              7°5            ,25°  ,35° 

64             3.071         4.172  7.150  9.001 

128              4.642          6.283  10.71  13.39 

512           10.90         14.31  23.26  28.96 

1024            16.03          20.48  33.53  41.57 

2048           21.93         28.30  45.26  55.78 

Tempo ratura  Coefficients. 


0°. 

--7'?5 

^fc 

-25° 

25°-- 

-35° 

Y. 

'     Cond. 

1       P^T^ 

'      Cond. 

Per  '     ' 

Cond. 

Per  ' 

units 

cent 

units 

cent 

units 

cent 

64 

0.15 

4.78 

0.17 

4.08 

0.19 

2.59 

128 

0.21 

4.52 

0.25 

3.93 

0.27 

2.57 

512 

0.45 

4.17 

0.51 

3.58 

0.57 

2.45 

1024 

0.65 

4.03 

0.72 

3.46 

0.81 

2.40 

2048 

0.85 

3.87 

0.97 

3.43 

1.05 

2.33 

Percentage  Dissociation. 


V. 

^0° 

^795 

.25° 

;^35° 

64 

1.39 

1.60 

2.05 

2.27 

128 

2.12 

2.42 

3.07 

3.38 

512 

4.33 

5.50 

G.67 

7.31 

1024 

7.25 

7.87 

9.62 

10.48 

2048 

7. 88 

10.88 

13.  GC 

14.07 

Dissociation  Constants  x  10 
0°  7?5  25° 


64 

0.0306 

0.0408 

0.0671 

0.C824 

128 

0.036C 

0.04G7 

0.0761 

0.0922 

512 

0.0499 

0.0626 

O.C932 

C.112 

1024 

0.0554 

0.0658 

0.100 

C.120 

2048 

0.0329 

0.0649 

0.0948 

0.113 

(54) 


Table  XXXIII. — p-Arddobonzoic  Acid.     Volecular  Conductivity. 
V.  ,0°  1C°19  25°  35° 


64 

3.711 

5.136 

7.370 

3.S19 

128 

5.346 

7.527 

10.84 

12.97 

512 

12.57 

17.39 

24.54 

29.06 

1024 

18.87 

25.71 

35.07 

41.31 

2C48 

28.32 

37.21 

50.13 

58.56 

Tonperature  Coefficients. 


0°r- 

-10919 

109l9- 

=il 

0 

25°-35° 

V. 

'     Cond . 

Per    ' 

'     Cond . 

Per     ' 

'    Uond. 

Per  ' 

units 

cent 

units 

cent 

units 

cent 

64 

0.14 

3.78 

0.15 

2.92 

0.16 

2.10 

128 

0.21 

4.00 

0.22 

2.97 

0.21 

1.96 

512 

0.47 

3.76 

0.43 

2.78 

0.45 

1.84 

1024 

0.67 

2.57 

0.63 

2.46 

0.62 

1.79 

2048 

0.87 

3.08 

0.8  7 

2.35 

0.S4 

1.68 

Percentage  Dissociation 
V.  ^    0°        xl09l9        X25°  ^35^ 


64 

1.68 

1.87 

2.11 

2.25 

128 

2.42 

2.75 

3.11 

3.27 

512 

5.69 

6.34 

7.04 

7.47 

1024 

8.54 

9.38 

10.07 

10.42 

2048 

13.73 

13.28 

14.38 

14.77 

Dissociation  Constants  x  10 


V. 

0° 

10°19 

ocO 

35° 

64 

0.0448 

0.0559 

0.0714 

0.0790 

128 

0.0468 

0.0606 

0.0730 

0.0865 

512 

0.0670 

C.0338 

0.104 

0.118 

1024 

0.0578 

C.0949 

0.110 

0.119 

2048 

0.107 

C.104 

o.n& 

0.125 

(55) 

Formic  and  oxalic  acids  aro  onitted  fror:  the  list  of 
those  investigated  since  it  v/as  found  that  thoy  daoompoao  in  solu- 
tion in  tho  presonca  of  the  platinized  electrodes.  This  dscor.po- 
sition  procesds  so  rapidly  at  high  ten-.poraturos  and  dilutions  that 
there  is  no  means  of  ascertaining  when  the  solutions  have  ccme  to 
constcint  conductivity.  With  fonriic  acid  it  was  noticed  that  con- 
stant readingsbould  not  be  obtained  within  the  short  space  of  a 
few  seconds,  the  conductivity  falling  off  so  rapidly.  Conversion 
of  the  platinuiTi  black  of  the  electrodes  into  platinur.  white,  by 
heating  in  the  flame  of  tho  blast-lanp,  lessened  but  did  not  en- 
tirely eliirdnate  the  trouble,  so  it  was  therefore  doomed  best  to 
leave  the  series  of  acids  incomplete,  rather  thajn  to  give  results 
'.vhich  could  not  absolutely  bo  relied  upon.  The  same  decomposition 
took  place  with  gallic  acid,  but  so  slowly  that  good  moasuremonts 
were  possible.  The  solution  darkened  Y/hen  in  contact  with  the  e- 
loctrodes,  presumably  owin2  to  the  forriation  of  a  small  amount  of 
pyrogallic  acid,  but  the  conductivity  increased  very  ^rc-idually. 

■Nearly  all  the  acids  investigated  have  temperature  co- 
efficients, expressed  in  percentages,  which  decrease  v/ith  rise  in 
temperature  and  with  increase  in  dilution.  This  fact  is  in  accord 
with  the  theory  cf  hydration  of  Jones  referred  to  above.  From  the 
fact  that  in  solutions  of  many  inorganic  salts  and  m.inoral  acids 
large  percentage  temperaturo  coefficients  are  obtained,  those  co- 
efficients being  greatest  in  the  most  dilute  solutions,  it  is  clear 
that  the  ions  of  such  electrolytes  are  largely  hydrated  in  aqueous 
solution.   V/e  should  expect  these  large  temperature  coefficients 
if  the  ions  are  hydrated,  since  with  rise  in  temperature  the  hydra- 
tion would  bo  greatly  dimirdshed  and  tho  velocity  of  tho  ions  cor- 
respondingly increased;  further,  th*it  tho  hydration  would  be  great- 
est in  dilute  solutions  v.'here  the  irass  action  of  the  water  comes 
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most  3tron.",ly  into  play,  and  thus  riso  in  tenperature  produce  a 
greater  effect.  With  the  organic  acids,  however,  there  is  prob- 
ably not  such  rreat  hydration.  The  tonporatnre  coefficients  de~ 
crease  regularly  with  dilution  and  riso  in  temporatura,  and  are 
Sor.erally  srsall  and  of  the  seme  order  of  magnitude.  The  viscos- 
ity of  tho  r>ediiiir.  is  the  priir;e  factor  which  influences  increase 
in  conductivity  of  these  asidrt  v/ith  rise  in  tenperature. 

As  exceptions  to  the  statement  just  made  tl-iat  tho  organ- 
ic acids  have  small  temperature  coefficients  of  cor.d^ctivity,  it 
is  noticed  that  metanilic,  sulphanilio,  o-   and  £-cjriinobenzoic  ac- 
ids have  very  largo  percentage  temperature  coefficients.  This  re- 
sult is  not  due  to  hydrolysis  or  hydration,  as  the  greatest  affect 
would  Tx!  evidonced  in  the  most  dilute  colutions,  Y/hereas  the  tem- 
perature coefficients  decrease  v/ith  dilution.  Further  mention 
will  be  made  of  this  fact. 

We  turn  to  a  fumdairiontal  part  of  the  problem  when  we  ask — 
What  function  of  the  temporature  is  the  conductivity  of  these  acids? 
The  results  for  several  acids  are  sho'ffn  graphically  in  Figures  1 — 4, 
in  which  conductivities  are  plotted  as  ordinatos  against  temperatures 
as  abscissae.  It  seems  to  be  true  generally  that  the  conductivity 
of  these  organic  acids  is  a  parabolic  function  of  the  tem.peratur^. 
The  following  table  (XyJilV)  gives  value  for  u^ and  the  constants  a 
and  b  in  the  equation 

u.  =  u^  +  at  +  bt^, 
where  /a  is  the  conductivity  at  any  temperature  t,  /d^the   conductivity 
at  0  ;  a  and  b  are  constants  dependent  on  the  nature  of  the  acid. 
The  dilution  selected  was  yJiZ8   and  conductivities  at  0^ ,    25°  and 
35°  Y/ore  used  in  obtaininp-  tho  constants. 
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The  lact  two  coliirns  of  the  table  give  values  for  the  conduc- 
tivities observed  at  the  tompcrature  t^,  and  those  calculated  by  the 
aid  of  the  interpolatidn  formula.  The  agreement  is  seen  to  be  sat- 
isfactory. 

^lo  extended  discussion  of  the  percentage  dissociation  and 
dissociation  cor.atants  at  any  one  ter.psrature  seon-s  necesoary,  since 
f^.o   values  obtained  at  25  are  of  tho  same  order  of  magnitude  as 
those  obtained  by  Oatwald^  'in  his  comprehensive  study  of  the  affin- 


Molecular  Conductivity  (V  =  128). 
Acetic  acid;  II,  Propionic  acid;  III.  1 


ity  constants  of  organic  acids  at  25°.  It  is  interesting  to  note 
tho  dilution  at  which  the  second  hydroi;;3n  of  the  dib.-sic  acids  be- 
Sins  to  dissociate.  The  dissociation  constants  of  r^alonic,  succin- 
ic and  o-phthalic  acids  at  25°  incroass  markedly  froir,  the  dilution 
V  -  1024  to  that  of  V  -  2C48 .  It  is,  therefore,  bet^v^en  these  di- 
lutions that  the  acidity  of   the  acids  increases.     Tho  results  with 
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those  throo  acids  corparo   vory  favorably  -ffith  Oatv/ald's  figiures, 
and   tho  constants  for  -alonic  and   succinic  acida  agrao   satisfactor- 
ily with  thone  of  ^Valdon^^^  .      Tt  ir.ay 'be   saon  that   thiti   increase  in 
the  dissociation  constant  takes  place  'oetwoen  tho   sane  dilutions  at 
all  tenporaturos.     '»7ith  the   stronsar  dibasic  acids  such  a^;  aaloic, 
furarnc,    racor.ic,    citric  acids  and  so  on,    tho  increase   in  dissocia- 
tion constants  cores  at  greater  concentrations  although  no  relation 
batv/een  the  dissociation  and  the  dilution  at  ^-hich  the  soccnd  hydro- 

l6o    -1 


Molecular  Conductivity  (V  =  128). 
^ig.  II.— I.  Malonic  acid;  II,  o-Phthalic  acid;  III.  Salicylic  add;  IV.  Sulphanilic  a 

gen  dissociates  is  apparent. 

The  increase  with  dilution  in  the  values  of  the  constants  of 
0-  and  £-ardnobenzoic  acids  should  bo  noticed,    and   is  a  fact  corre- 
lated with  the   change   of   conductivity  of   tho  ar.ino  acids  with  change 
of   temperature.     Ostwalc 
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2.  Ibid.,    3,    261   (1589). 
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sociation  constants  is  duo  to  the  internal  salt-forr.ir.g  pov/or  of 
theso  acids,  such  salts  breaking  up  on  dilution,  with  a  correspond- 
in>-r  effect  on  the  conductivity  and  dissociation.  This  also  explains 
very  well  the  largo  percentage  temperature  coefficients  of  conduc- 
tivity, tho  increase  in  coefficients  expressed  in  units  with  rise 
in  tenperature,  and  tho  fact  that  the  condvctivity  of  noarly  all  the 
air>.ino  acids  studied  ia  not  a  parabolic  function  of  tho  tenperature; 
for  the  effect  of  heat  upon  the  internal  salts  "TOuld  be  the  sarae  as 
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Molecular  CondudivUy  (V  =  128). 

Fig.  Ill— I.  Benzoic  acid;  II.  Succinic  acid;  III,  Phenylacetic  acid;  IV.  GaUic  add 

Lution, 

i.e.     they  would  fctll  apart   on  increas 

temperature,  and  the  fi^e  acid  v7ould  conduct  rv.ore  than  the  salt  it- 
self. Another  explanation  for  tho  bohavior  of  these  ariino  acids 
is  afforded  by  a  thoory  advanced  by  Walker^  •'  in  which  he  states 
that  amphoteric  electrol'^'tes  have  tv^o  dissociation  constants,  cor- 
responding to  dissociation  into  acid  and  base;  thorofore,  that  the 
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CeU-ald   "constants"  un.i    the  disaociciticn  cf   the  amino  aciia  reasured 
ir.  tho  usual  manner  aro  orroneous.     He  calculated   the   value   for  the 
conductivity  of    the  acids  upon  his  asc^jiriptions,    and  obtained  results 
a^^rooing  with  those  exporir;ontally  obtained  by  Ostwald  and  Winkol- 
blech^-"-^. 

?/hile  inorganic  salts  and  mineral  acids  all  behave  in  tho  sar:o 
v/ay  v/ith  respect  tc  the  chan-e  ir.  dissociation  v/ith  tho  torperature, 
the  organic  acids  present  a  perplexinj  problem,   whan  an  attempt  is 


Molecular  ConducHmly  (F  =  128). 
Fig.  IV. — I.  /?-Aminobeiizoic  acid;  II.  a-Aminoben^oic  i 


nade  to  deduce  any  relation  between  the   change  of   their  dissociation 
and  their  chsrdcal  constitution.     7?ith  irany  of  the  acids,    a  naxininri 
in  dissociation  occurs  between  25°  and  35°.     This  3tat3r:0nt  applies 
to   the  folio-vine  aoids, — acetic,    propionic,    phenylac^tic,    hippuric, 
malonic,    iTxiloic,    furraric,    crotonio,    benzoic,   p-tolnic,    cinnardo, 
salicylic,   r-oxybenzoic     Tho  dissociation  of   succinic,    itaconic, 
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racemic,    p-^rotartaric,    citric,   £-toluic,  £-oxybonzoic,    sallic,   ir^ot- 
anilic,    sulphanilic,   £-  and  ^-nriir.obanzoic  acids,    increaaos   fror.  C° 
up  to  35°  without  a  maxiir.uTr',    but  several  give   indications  that  one 
would  appear  at  a  slightly  hi-hor  tenpo mture .     The  dissociation  of 
the   roriainir.j  acid3,~n-  and   iso-cvtyric,    r.andelic,    citraconic,   mesa- 
conic,    o-toluic,  £-phthalic,    decreases  regularly  with  rise  in  tor.per- 
aturo   fror.  0°.      The  rost  probable  dissociation  constants  of  all   the 
acids  aro   -ivon  in  Table  XrJY,    froir.  which  the  above   relations  bocor.e 
clear. 


Table  XXXIV. 

Acid.  ^o           a                 b 

Acetic  10.48  0.2S7  -0.000856 

Propionic  9.00  0.244  -0. OCX  56 

Butyric  10.00  0.253  -0.00140 

Phan^'lacetic  17.82  C.460  -0.00217 

Valonic  73.30  2.217  -0.00628 

Succnnic  13.24  0.5G7  -0.00134 

o-Phthalic  74.56  1.752  -0.00571 

Benzoic  18.79  0.556  -C.002C7 

Salicylic  62.55  1.919  -0. 00411 

Gallic  14.01  0.40e  -O.C'009S2 

^-AiTiinobenzoic  5.35  0.215  -0.000189 
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Table  XXr/.      K  x  10^ 

Acid.                               0°                U"  25°  35° 

Acetic  0.175  0.1S4  0.183 

Propionic  0.133  0.138  C.136 

n-Butyriw  0.163  0.153  0.147 

iso-Butyric  C.155  C.14G  0.142 

Phonylacstic  0.540  0.545  0.52G 

Kcinddlio  4.30  4.29  4.29  4.24 

Hippurio  2.22  2.34  2.38  2.33 

"alonic  1.4S  16.3  1G.3 

Succinic  0.562  0.655  0.G59 

Valeic  143.              145.  154.  151. 

Funaric  0.4O  5.72  10.1  10.0 

Citraconic  43.6  40.7  38.1  36.3 

■"esaconic  S.4  8.4  8.1  7.7 

Itaconic  1.24  1.45  1.53  1.55 

Crotonic  0.19C  0.210  0.215  0.211 

Racenic  9.1  9.9  10.8  11.2 

Pyrctartaric  79.  79.  87.  88. 

Citric  6.85  8.66  9.05 

Pyrcnucic  8.7  8.1  7.6  7.0 

Benzoic  0.611  0.686  0.684 

o-?cluic  1.59  1.49  1.37  1.25 

m-Toluic  C.515  0.548  0.550  0.554 

£-Toluic  0.3S3  0.410  0.433  0.437 

o-Phthalic  13.4  12.6  12.2 

Cinnairdc  0.322  0.368  0.367 

Salicylic  8.3  10.6  10.6 

n-Oxybenzoic  0.725  0.798  0.789 

£-Cxybon2oic  C.251  0.205  0.287 

Gallic  0.338  C.3S5  0.394 

T'etanilic  0.90  1.33  1.99  2.62 

Sulphanilic  3.28  6.55  3.18 

o-Arlnobonzoic  C.C306  C.C671  0.C624 

£-Ar.inob3n2oic  C.044S  0.0714  0.0790 


Tlie  results  obtained  agree  generally  with  those  of  Euler 
and  Schaller^   ' .     The  former  invastiaator,   working  at  tenperatures 
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creased  fror.  0°  to.  50°,  while  that  of  £-tolaic  acid  decreased  fror. 
0°.  Schaller,  working  at  teroperatureg  betwoan  25°  and  lOC^,  found 
Tiaxima  in  dissociation  bet\7esn  25°  and  40°  for  cinnanio,    benzoic, 
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salicylic,   ir-  and  £--toluic  aoiJs,    and  obsorvoa,    as  tha   /forV.  of 
Suler  and   the  results  fror  tho  present  articlG   show,    that  tha  dia- 
30ciT,tion  of  o-toluic  acid  decreased   iiiVa  rise   in  tsrparciturs   froF. 
the  lo-.v03t  tenponiture   rit  ■//hich  it  was  r.oasurod . 

Th3  hypothesis  of  Thomson^^^   and  Nernst'    \    -vhich  states  that 
solvents  havin-  the  greatest   iissoci-iting  pov;or  have  the  lar:^93t  di- 
electric  constants,    explains  v/hy  the  dissociation  of  inorganic   salts 
and  mineral  acids  docroasos  7/ith  rise  in  tenperaturo;    since   it  has 
boeft  sho'j/n         that  the  dialoctric  constant   of  water     deoraasos  also 
v;ith  rise  in  temperature.     Since  naxirna  in  dissociation  have  been 
found  with  nany  of   the  organic  acids,    other  unknovm   forces  nust   cor.e 
ir.to  play  in  such  cases.      It  is  particularly  interesting  to  note  tha 
such   isor^ers  as  tho   toluic  acids  differ  rarkedly  with  respect  to  the 
chango  of    their  dissociation  with  change  in  temperature. 

Sumary  of  Fact_s  Eotafalished. 

1.  The  porcontdgs  tenperature  coefficients  of   conductivity  of 
tho  organic  acids  are  severally  small  and  of   the  sane  order  of  mag- 
nitude,   and  decrease  with  rise  in  temperature  and  with  increase  in 
dilution.     The  coeff icient^^  expressed  in  conductivity  units   decrease 
v.'ith  rioa  in  temperature.     These  facts  suggest  that   the  acids  aro 
much  less  hydrated  than  the  mineral  acids,    for  reasons  previously 
.^jiven. 

2.  The  percentage  coefficients  of   conductivity  of  the  amino  ac- 
ids are  exceptionally  lar^o,    and  the  coefficients  expressed  in  con- 
ductivity units  increase  .vith  rise  in  tcmpei'ature.     The  internal  salt- 
forriin^  pov^or  of   those  amphoteric  electrolytes  explains  such  behavior. 
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3.  Tho   conductivity  of  rost   of   the  organic  acids  is  a  para- 
bolic  function  of   tho   temperature,    as  proved  by  coa-iparin^  obsarved 
values   .'dth  these   calculated   fror  interpolation  forraulao. 

4.  oGvcral  of  tho  arino  acids  are  again  exceptions,  and  thoir 
conductivity  is  not  a  parabolic  function  of  tho  temperature,  for  the 
sorie   reasons  v/hich  explain  their  large  tenparatura   coefficients. 

5.  There  is  no  ganaral  stater^'Ont  possible,    concerning  the  change 
in  diasociation  of  the  organic  acids  with  chango  in  toriporatura.     "ax- 
±ri3.  occur  .vith  several  between  25°  and  35°,    v/hile  in  other  oases  max- 
irr.a  ore  indioi-.tod  at  slightly  higher  teiriperatures  than  those  at  v*.ich 
T-.easurerrionts  were  talcen.     The  dissociation  of  several  acids  decreases 
regularly  fron  0°. 

5.     Tsor^oric  acids  do  not  behave  similarly  as  regards  change  in 
thoir  dissociation. 

7.     The  migration  velocities  of   isor^.eric  ions  are   identical. 

S.     The  behavior  of   the  organic  acids  -.vith  respect  to  tho   change 
in  their  dissociation  ';:ith  the  temperature  ±3  contrary  tc  the  hypoth- 
esis of  Thomson  and  "Mornst,,    v/hich  connects  dissociating  pov/er  and  di- 
electric constants;   or  at  least  the   influence  of  sorio  other  unknovm 
force   is  suggested. 


This  7.'ork  vdll  be  extended   for  tha   organic  acids   from  35°  to  55-,    and 
•//ill  also  be  extended  to  nonaqueous   solvents. 


Biographical . 
Goor^'o  Frederic  T^hite  •tj.3   borr.  in  "elrose,  "asaachuostts,  Juns 
15,  1385.  His  public  sohool  education  was  obtained  at  Rovers  and  at 
''aldon,  "aosachusotts.  He  obtained  the  iogreo  of  Bachelor  of  Science 
at  the  "assachusetts  Institute  of  T8chnolo~y,  Boston,  in  1906,  and 
reraained  at  that  institution  as  assistant  in  choriistry  for  the  two 
years  suc^eedin^^.  He  entered  the  Johns  Hopkins  University  in  190S  as 
graduate  student  in  oher.istry,  recei'/ing  a  University  Scholarship  for 
the  acaderrdc  year  19C8-1909,  and  was  apj-'-'i-ted  rsllo'-v  for  the  year 
1909-191G. 


